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What is in Tliis Book 

Pages 1 to 121 contain 752 O^n/^toitf of processes, materials 
and pieces of equipment thoroly cross referenced. 

Page 122 contains outlines of the Association activities. 

Page 124 contains the Departmentai Index of plant equip- 
ment, which is a comprehensive index of all related subjects. 

Pages 126 to 200 contain the Statistical Section (indexed 
on page 136), including the most vital and essential data required 
in day products manufacture. 

Pages 201 to 252 contain the Ca/o/ofi^descriptionsof the most 
important equipment and services required in the industry. 

We will look up one subject to show the use of this book. 

How to Use the Definition Section. 

Suppose, for instance, that we are going to open a new clay 
pit and wish to obtain information on a haulage system. We 
know that a locomotive is used for this purpose and look it up in 
the Definition Section. We find that there are three items, 410, 
411 and 412, on pages 87 and 88, devoted to different types of 
locomotives. Directly beneath the definitions we find a list of 
the names of those manufacturers who have included their catalogs 
in the Cyclopedia. We also find several lines of announcements 
of these manufacturers. 

How to Use the Catalog Section. 

Possibly we may want further information and learn that by 
turning to tiie catalog pages we can locate the catalog description 
of the locomotives made by these manufacturers, and also the 
addresses of the latter. We therefore write these firms, explain- 
ing our pit conditions, and asking for prices. We find it easy to 
locate the catalog pages because they are presented in alphabetical 
order. 

How to Use the Statistical Section. 

We still are anxious to learn more on this subject, and turn 
to page 126 to see if there is any information on this subject in the 
Statistical Section. We find that item 410 has some data on page 
180 and we look that up. 

Suppose that the use of a locomotive would entail great 
expense on account of a trestle. How can we obtain information 
on other transportation equipment? 

How to Use the Departmental Itidex of Plant Equipment. 

We turn to page 124 and under the heading Clay Winning we 
find one subhead entitled Transporting Equipment. Looking up 
all of the items indexed therein we find one, number 4, to be a 
description of an aerial tramway. We learn that this is just what 
we desire, but discover that we are blocked in oiu* search for further 
information because there are no manufacturers' names listed 
under the definition. 

How to Use the Preface. 

We remember, however, having read in the preface that tho 
editors offered to furnish the names of the manufacturers of any 
item under which no names are listed. We therefore avail our- 
sdves of this opportunity. 

Suppose that we had heard that there was such an equipment 
as a tramway, but did not know anything about an aerial tram- 
way. How could we find the information? 

We look up tramway and see that on page 115 there is a 
cross reference to aerial tramway. 
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Preface 



IN PREPARING this cyclopedia for the day products 
industry, we have kept uppermost in our minds the great 
necessity for detailed information that is today needed 
and will be needed for many years to come, regarding every 
step that is required to change raw clay or shale into the best 
material in the world for the many purposes for which it is 
used. 

We look back at this time on the past six or seven years 
in which there has been small demand for many lines of 
clay products. A study of industrial history, however, shows 
that business activity swings like a pendulum. On this basis, 
we are very safe in predicting that the curtailed business of 
the past few years in clay products will be reflected by 
abnormal demand in the years ahead. Even at this writing 
the unmistakable signs of returned prosperity are very evident. 

It is not so much the knowledge of fundamentals as it 
is the intimate details of business that enables one to forge 
ahead of another. The industry whose personnel is best 
informed on all the details pertaining to the manufacture of 
its product is the one which will be best equipped to reduce 
costs, improve quality, intensify merchandising and thus out- 
strip competing industries. 

This book has been prepared with that idea in mind— to 
make available for everyone in the day products industry, be 
he president or foreman, the data and information that he 
wishes without a moment's delay. 

Naturally, much of this material is copied from authorita- 
tive sources, but also much of it is original We have taken 
all precautions possible to prevent errors, but some may have 
crept in inadvertently. For these we ask your kind in- 
dulgence, but request that you notify us of any that you dis- 
cover so that they can be corrected before the next issue 
goes to press. 

In the definition section we have listed alphabetically the 
processes, equipment and materials used in the industry. As 
far as possible the definition is listed under the noun, e. g.. 
Dryer, humidity, and there is a cross reference Humidity 



dryer. In some cases one letter changes the location of an 
item, e. g., Drsnng (not dryer), how it proceeds. 

The names of the firms suppljdng each item are induded 
after each definition. We will supply, on request, the names 
of the manufacturers of any equipment under which no names 
are listed. 

In the statistical section we have a wealth of information 
and instructions indexed by the same numbers as used in 
the definition section. There is an index for this section. 

In the departmental index we have listed the information, 
equipment and processes applsring to each department We 
feel that this will prove valuable in making suggestions for 
improving plant conditions. 

In these several sections we have striven to give aU 
the information possible without advocating the use of any 
special process or favoring any firm supplsring the industry. 
We fdt, however, that our readers would desire a description 
of the machines and equipment made by the different firms, 
and to that end asked those who wished to call attention to 
special features in their product to use one or more pages 
in our catalog section. 

The many catalogs needed in the plant are often easily 
lost The dday in obtaining supplies, repairs or new equip- 
ment, on account of losing the catalog that espedally fits 
the case, is often very costly. Moreover, the printing of a 
catalog is an expensive procedure, and many firms issue one 
about once in three or more years. Often improvements are 
made during that interval which cannot be cataloged. 

Our catalog section has been established for this purpose- 
to supply up to date catalog knowledge showing the special 
features of every piece of equipment, and to keep this in- 
formation bound in one compact permanent form for ready 
reference. The pages in the catalog section are arranged in 
alphabetical order. 
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American Ceramic Society, Transactions. 

American Face Brick Association, The 
Story of Brick. 

American Society For Testing Materials, 
1921 Standards. 

Bourry, Emile, A Treatise on Ceramic 
Industries. 

Brick and Clay Record. 

Greaves-Walker, A. F., Clay Plant Con- 
struction and Operation. 

Harrison Safety Boiler Works, Finding and 
Stopping Waste in Modem Boiler Rooms. 

Havard, F. T., Refractories and Furnaces. 

Kent, William, The Mechanical Engineer's 
Pocket-Book. 



Kidder, Frank E., The Architects' and 
Builders' Pocket-Book. 

Lovejoy, Ellis, Drying Clay Wares. 

Malinovzsky, A., Ceramics. 

Ries, Heinrich, Ph.D., Cla3rs, Occurrences, 
Properties and Uses. 

Searle, Alfred B., The Clayworker's Hand- 
Book; The Ceramic Industries Pocket 
Book; Modem Brickmaking. 

Trautwine, John C, The Civil Engineer's 
Pocket-Book. 

U. S. Bureau of Foreign and Domestic Com- 
merce, The Pottery Industry. 

Various Catalogs of Firms Supplying the 
Clay Products Industry. 



ABBREVIATIONS 



a.c alternating current 

Amer. Cer. Soc . . American Ceramic Society 

Ann. Rept Annual Report 

B.C Before Christ 

B.t.u British thermal unit 

Bull Bulletin 

C Centigrade 

C.C Cream-colored 

c.c cubic centimeter 

cm centimeter 

ct cent 

cu. f t cubic foot, feet 

cu. yds cubic yards 

d.c direct current 

deg degrees 

ed edition 

e.g for example 

etc and so forth 

F. 
Fahr. 



Fahrenheit 




Fig., fig Figure 

F.P.M Feet per minute 

ft. . .' foot, feet 

gal gallon 

Geol. Surv Geological Survey 



gram 



horsepower 
hours 



i.e that is 

in inch 

ins inches 

Inc Incorporated 

kL) '^"°^^™ 

k.w kilowatt 

lbs pounds 

min minute 

mm millimeter 

Mme Madame 

No., no Number 

oz ounce 

P page 

pub published 

r.p.ni revolutions per minute 

sp.gr specific gravity 

sq. in square inch 

sq. yd square yard 

trans translated 

Trans Transactions 

U. S United States 

Vol Volume 

wt weight 

yd 



% 



yard 

per cent. 
. . . degree 
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ABSOIiVTEI TBMPBRATUIUB, 86* 

Temperature, absolute. 

1— ABSORPTIOlf. — The power of un- 
fflazed articles to absorb liquids or 
grases Is of srreat importance for cer- 
tain purposes, includingr the probable 
resistance to the elements and to the 
corrosive influences of grases, slagrs and 
various chemicals. The absorption test 
for clay products Is made by weiffhingr 
Ave dried pieces and completely sub- 
mergrinfiT them In distilled water. The 
water is then brougrht to a boll and 
the ware boiled continuously for two 
hours and then allowed to cool In the 
water to room temperature. Durlngr 
the bollingr none of the ware beinpr 
tested should come Into contact with 
the heated bottom of the container. 
When cooled to as near 20 degr. C. as 
possible in the room atmosphere, each 
piece should be dried llgrhtly with a 
damp towel to remove the excess 
water and weighed in the air to an 
accuracy of 0.1 grram. 

Absorption should be reported in 
terms of percentagre weigrht of the dry 
sample, and should be obtained by 
dividing the weight of water absorbed, 
in grams, by the weight of the dry 
test piece, in grrams. 



CCOUlfTIlf G.— This is the 
science of higher bookkeeping, in 
which in addition to the regular work 
of keeping the accounts in the Journal, 
ledger, etc., the items of Depreciation, 
Obsolescence, Capital, Investment, In- 
come and Cost accounting are con- 
sidered. The reader is referred to each 
of these Items and also to Auditing, 
Income Tax and Appraisement. 

8 — ^ADSORPTION. — This term is used 
to Indicate the power which a clay 
has of removing solid substances from 
solutions with which it is in contact. 
Naturally, the degrree of adsorption, 
as well as the substances which a clay 
will adsorb, vary with the nature of 
the clay and the conditions under which 
the test is conducted. 



-ABRiAii TRAirvrAY.— The aerial 
tramway is used largely to facilitate 
the delivery of materials — coal, shale, 
ashes, lumber, brick, etc. — across 
ravines, over railroad tracks and other 
obstructions, and to eliminate waste 
labor in carrying coal or other mate- 
rial from the cars to the point of 
storage. The simple type consists of 
a cable, supported at each end by a 
pole or steel framework, with the car- 
rier suspended, by means of a cable 
or heavy rope, from a grooved pulley 
or trolley which travels on the cable. 
The more modern type generally re- 
places the cable with an I-beam or 
monorail, adequately strengthened at 
definite intervals by upright steel 
masts or poles. A hoist house is gen- 
erally erected convenient to the point 
of loading, and all operations of load- 
ing', hoisting, conveying and dlscharg- 
Ingr are controlled by an engineer 
stationed in the house. The modern 
hoist, used In conjunction with the 
tramway, can usually be operated by 
an electric motor, steam engine, gas 
enerlne or shaft drive. The ease and 
rapidity with which practically any 
class of material may be handled, com- 
bined with their labor-saving features. 
Is resulting in the increasing use of 
aerial tramways. They are used on 
distances up to several miles. 



-AGITATOR. — Agitators are used 
in pottery plants. After being screened, 
the clay slip flows or is pumped to a 
roug'h agitator and thence thru a 
series of horseshoe magnets or electro- 
mag'net machines (which extract the 
particles of iron from the slip) into a 



smooth agitator. These agitators are 
merely large cylindrical tanks fitted 
with an interior revolving mechanism 
that keeps the slip in motion and pre- 
vents the heavier particles from slip- 
ping to the bottom, thus insuring a 
more uniform mixture before the slip 
is pumped to the filter press. This 
agitating mechanism consists of steel 
arms and wooden gates, or wooden 
arms only, mounted on a revolving 
shaft which is vertical. 

MANUFACTURERS (see catalog sec- 
tion): 

Caldwell Co., W. E. 

Hadfield-Penfield Steel Co. 

International Clay Machinery Co. 

Mueller Machine Co., Inc. 

International Clay Machinery Co. 

MANUFACTURERS' ANNOUNCE- 
MENTS : 

Mueller Machine Co., 21-23-26 Ward 
Ave., Trenton, N. J. Built with 
single or double paddle shaft. If 
equipped with double shaft is 
driven by planetary movement 
which gives paddles a very effec- 
tive double motion. 

6— AIR BRUSH. — ^Alr brushes are 
tools or instruments for applying any 
liquid to a surface, for instance apply- 
Ing a liquid decoration to. pottery, 
terra cotta, or a liquid paint to the 
walls of a building. The application 
is made by a spray. The brush resem- 
bles a revolver and has two hose con- 
nections, one for compressed air and 
the other for the liquid. The handle 
holds a needle valve which controls 
the feed. The pressure is obtained 
from a tank of compressed air, which 
is filled by an air compressor. 

AIR-BRUSH DBGORATINO, see 

Decorating, air-brush. 

7 — ^AIR . COMPRESSOR. — This is a 
machine for compression of air at 
pressures higher than atmospheric. 
They are made, in the main, very 
much like a pump or engine, the air 
being the medium that is pumped and 
compressed instead of water. They 
may be driven by engine, belt or motor. 
The piston or pistons reciprocate in 
the cylinders and valves are provided 
very much like those of a pump to 
admit the intake and outlet of the 
air that is being compressed. Com- 
pressors must have some method of 
cooling their cylinders, because air 
gives up heat when being compressed 
and if no cooling arrangement is pro- 
vided, the metal cylinders will become 
overheated. A circulation of water is 
the method usually provided. Air com- 
pressors are used in air brush decora- 
tion, and compressed air provides the 
best means of cleaning motors, gen- 
erators, alternators, and other elec- 
trical machinery from the dust that is 
bound to accumulate around the 
brushes, commutators, fields, arma- 
tures, etc. In silica brick manufac- 
ture compressed air provides the best 
method of cleaning the metallic pallets 
of the gathering or accumulation of 
lime deposit. Many other uses are 
found for compressed air but they are 
generally special for the plant that 
uses them. In some cases cranes and 
hoists are operated by compressed air. 

8 — AIR DRYING. — ^This refers to the 
ancient and modern practice of drying 
certain clay wares without the as- 
sistance of heat, except of such heat 
as is naturally contained In the air, 
or such as may be derived by radiation 
from burning u^^a cooling kilns. (See 
also Dryer, relfttlon of air to.,) 

DESIGNER^ /aee catalog section): 

Freese. E. ?- ^5k C^- 

Internatlo^J'l'pY^y Machinery Co. 



8A — ^AIR FLOW MBTESR. — ^Thls in- 
strument is of the anemometer type. 
The fiow, however. Is exerted against 
a vane instead of against a small fan. 
The flow is registered on a dial, similar 
to a boiler gage, which can be made 
to read In any set of terms desired, 
instead of on a set of numbered dials 
as in the ordinary anemometers. The 
air flow meter is valuable in showing 
the variations in the fiow of air or 
gases in a flue or duct. 

9 — AIR SBPARATIOlf .— The term 
refers to a method of cleansing clays 
that is particularly applicable where 
It is necessary simply to remove coarse 
and sandy particles from the raw ma- 
terial. The process consists of feed- 
ing the dry clay to a pulverizer, which 
reduces It to a finely powdered state. 
As the material is discharged from 
the pulverizer into a long box or 
tunnel. It is seized immediately by a 
powerful air current (derived from a 
fan) which picks up and carries the 
fine particles to the end of the airway, 
where they are dropped into a bin. 
The coarser particles, too heavy to be 
picked up by the current, drop back 
and are run thru the pulverizer again. 
The method is especially suited to 
kaolins free from iron, but hardly 
adaptable to clays containing ferrugin- 
ous particles. There are several forms 
of air separators on the market. 

MANUFACTURER (see catalog sec- 
tion): 
Bonnot Co. 

10 — ALARM, HIGH AND liO'W 
WATER FOR BOIIiBRS.— These attach- 
ments are used to indicate to the 
operator that a danger of damage 
exists if the height of the water In 
the boiler is not attended to. This 
is accomplished by several methods. 
In some there is a float which is con- 
nected by a lever to an arm outside 
of the boiler. This arm can connect 
up an electric current which rings a 
bell or permits steam to escape and 
blow a small whistle. Low water 
alarms, which are more important, are 
often made by filling a pipe with water, 
and Immersing it in the water of the 
boiler. The lowest end Is generally 
placed at the level at which It is 
desired to give notice to the operator 
if the water falls that low. As long 
as the water is kept at the proper 
level this pipe Is kept full of water 
and no signal is made. As soon, how- 
ever, as the water falls below that 
level the pipe Is emptied of its water 
and steam rushes in to blow a small 
whistle at the top of the pipe. Many 
variations of these attachments are 
manufactured. Low water in a boiler 
is liable to cause the exposed tubes 
and sheets to become burnt and thereby 
rendered unfit for further service, and 
the Joints, especially around the tubes, 
lire liable to leak. In addition there 
's more danger from explosion if cold 
water is fed into the boiler at too 
high a rate. If water Is carried too 
high the steam may carry some water 
into the cylinder of the engine, where 
great damage may result, even to the 
blowing out of the cylinder head, be- 
cause water Is incompressible. The 
last portion of the exhaust stroke of 
an engine piston compresses the steam 
which has been admitted and if this 
steam carries too much water the 
cylinder head will be blown out. These 
alarms, therefore, afford insurance 
against trouble and damage. The 
water column of a boiler may become 
clogged so that the gage cocks or 
gage glasses will not show the true 
level of water thru no negligence of 
the operator. 
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ALARM, FIRB, see Fire Alarm. 

11— ALKALIES. — ^The alkalies usually 
present In clays Include potash (KaO), 
soda (NaaO), and ammonia (NHs). 
There are other alkalies, but they are 
of rare occurrence. The amount of 
fixed alkalies that clays contain, varies 
from a mere trace in some to S% in 
others. The minerals supplylngr al- 
kalies are all silicates of complex com- 
position. Each has its fixed meltlnflr 
point, and the temperature at which 
the alkalies flux with the clay will 
depend on the containingr mineral, and 
also on the size of the grrains. If 
the alkali -bear ingr mineral grrains de- 
compose, the potash or soda are set 
free and form soluble compounds. 

Alkalies are probably the most 
powerful fiuxingr material that clay 
contains, and, when present in the 
form of silicates, constitute a desir- 
able constituent, except in clays of a 
refractory character. Because of their 
fluxingr properties, the alkalies serve, 
in burnincTf to bind the particles of 
the clay mass together in a dense, 
hard body, and permit a white ware, 
made of porous-burning: clays, to be 
burned at a lower temperature. 

Alkalies alone seem to exert little, 
if any, coloring: influence on the burned 
clay, altho in some instances potash 
appears to deepen the color of a 
ferrug:inous clay in burning:. 

12— ALLOPHABTB. — A mineral, amor- 
phous in nature; related to kaolinite; 
appears as Incrustations in the clay 
mass, being: usually thin, with mam- 
millary surface. Allophane is oc- 
casionally almost pulverulent; fracture 
imperfectly conchoidal and shining: to 
earthy. Very brittle. Color, variable. 
Translucent. Hardness, 3. Sp. gr., 1.86- 
1.89. It is a hydrous aluminum sili- 
cate: Al3SiOs+6H20= silica 23.8, alum- 
ina 40.5, water 36.7. 

ALTBRBTATOR, see Generator and 
alternator. 

13— ALUNDUM. — An artificial emery 
made from bauxite in an electric 
furnace. Alundum melts at 2,300 deg:. 
C. (4,660 deg:. F.). Fused alundum has 
a low coefl[lclent of expansion and con- 
traction, is inert chemically and very 
little affected by slag:s. Its hig:h cost 
prevents its g:eneral use, but larg:e 
quantities of alundum crucibles, com- 
bustion tubes and muffles are employed 
with considerable success. 



14 — ANEMOMBTBRS. — These are in- 
struments for measuring: the velocity 
or volume of air, passing: a certain 
point. They consist of a small fan-like 
wheel that revolves very easily when 
there is a current of air passing: thru 
it. The number of revolutions of the 
wheel is recorded on a set of dials 
which are easily reset to zero. The 
dials are g:raduated to show the vol- 
ume of air in proportion to the diam- 
eter of the wheel, that is, the dials are 
g:raduated differently for a two inch 
and a two and a half inch wheel. 
These instruments are very service- 
able for measuring: the volume of air 
passing: thru a dryer or flue, or the 
velocity at the same point. A con- 
venient clutch for starting: and stop- 
ping: the instrument is provided so that 
it can be operated exactly for any pe- 
riod of time desired. Knowing: the 
volume and velocity of air thru a 
dryer is valuable for efllcient reg:ula- 
tlon. (See also Air flow meter.) 

15 — ANTI - FRICTION M B T A L. — 

Generally, any alloy of metals used in 
the manufacture of bearlng:s or bear- 
ing: liningrs, to reduce the friction be- 
tween moving: bodies. Copper, tin, 
lead, antimony and zinc form the basis 
of the varied compositions of which 
anti-friction metals are composed. 
Babbitt and bronze are typical prod- 
ucts. Thru special processes of manu- 
facture, the quality of anti-friction 
metals varies greatly, with each manu- 
facturer claiming: certain distinctive 
properties for his own products that 
particularly flt them for special oper- 
ating: conditions. (See also Bearing:s, 
ordinary types of.) 

10 — APPRAISBMENT. — Appraise- 
ment is the operation of determining 
the value of a plant after it has been 
built and In operation. Several methods 
or bases are in common use, one being* 
the original cost, and another the cost 
ot replacement at present prices. Of 
course in every case depreciation and 
obaolGiinJL^^ are taken into account. 
-^^^f^isLJl^nt is really a detailed audit 
^^ the ^^^iJil depreciation and obso- 



lescence accounts. In the regular audit 
of the books of account the value of 
the investment in plant and equipment, 
and the depreciation and obsolescence 
allowed therefor are not considered In 
as much detail as In appraisement. 
Appraisement not only determines 
whether or not the plant and equip- 
ment is worth more or less than the 
full value paid therefor but also de- 
termines whether or not the rate of 
depreciation and obsolescence has been 
correct. (See also Income tax.) 

APROIf FBBDBR, see Feeder and 
mixer, clay. 

17— ARCHITBCTURAL PORCBLAIlf. 

— The Chinese used porcelain for 
architectural decoration and even in 
the construction of walls as long ago 
as 946 A. D., tho this material, on ac- 
count of its great shrinkage and cost, 
is not suitable for making thick 
articles. Also, the extreme hardness 
and translucency which make porce- 
lain so highly acceptable for table- 
ware, have little importance in monu- 
mental pottery. 

17A — ARGILLACEOUS. — This term 
refers to the clayey or plastic material 
found in the surface of the earth. It 
is used chiefly in contrast with or in 
distinction from siliceous. 

18 — ^ARK. — A term used to desig- 
nate the tank Into which a pottery 
mixture is run from a blunger. Since 
stones are removed from the clay be- 
fore it is put into the blunger, either 
by a previous washing or by g:rinding, 
the clay which is put into the ark is 
homogeneous. 

19 — ^ASBESTOS. — A light, extremely 
fire-resistant compound; chemically, a 
hydrous silicate of magnesia — i.e., a 
compound of water, silica, and mag- 
nesia. It is woven into sheets which 
possess little binding strength. Since 
it is very serviceable for gaskets for 
internal combustion engines and in 
similar places, brass wire is inter- 
woven with the asbestos to prevent the 
fibers of asbestos from being separated 
and the packing being destroyed. As- 
bestos is also largely used as part of 
the woven gaskets for boiler man- 
holes, hand-holes, etc. Asbestos in it- 
self is not as good for steam pipe cov- 
ering as some other materials, but on 
account of its lightness and the fact 
that it holds air between its fibers, it 
is largely used for that purpose, both 
as a prepared molded covering and as 
a cementing paste. The molded pieces 
are used for the straight pipe and the 
plastic cement for the pipe fittings and 
irregular and inconvenient places. 

24V— ASH - HANDLING BaUIPMBNT. 

— Since the amount of coal used in a 
clay products plant for power and 
burning amounts to approximately 
30% of the tonnage of the output of 
the plant it is evident that the eco- 
nomical handling of ashes is an im- 
portant item. In the boiler room they 
are often hauled from the ash pits by 
wheelbarrows and dumped outside to 
be picked up later by cart, wagon or 
auto truck. In up-to-date boiler 
plants and especially where stokers 
have been Installed, some mechanical 
means are usually provided for re- 
moving the ashes. These may take the 
form of drag, chain, flight, apron, pan 
or belt conveyors. In some cases these 
conveyors run under the ash pit and 
in other cases they run under the floor 
of the boiler room. There Is likewise 
a screw conveyor type which can be 
operated in either place. In some cases 
the ashes are loaded in a bucket which 
operates on a rail and is dumped out- 
side. If a large supply of water is 
available a stream can be made to run 
under the ash pit and the ashes 
washed off in this. There is also the 
vacuum conveyor in which a suction 
of air creates a vacuum in a tank and 
the ashes are fed into a pipe connected 
with this tank. There is also another 
type, namely, the steam jet conveyor, 
in which the ashes are moved along a 
conveyor pipe by means of the force 
exerted by a Jet of steam. Any of these 
types can be biillt to take care of the 
ashes around a kiln, but since continu- 
ous kilns produce small amounts of 
ashes and the installation costs a great 
deal for intermittent kilns, very few 
installations are found. In most inter- 
mittent kllniB the ashes are thrown out 
of the fire box by hand and gathered 
Into a pile from which they are hauled 
by a cart, wagon or auto truck to 
a dumping place. The auto truck has 



been found very satisfactory and eco- 
nomical for this purpose. For load- 
ing the a,shes into the carts, wagons 
or auto trucks, whether from the pile 
outside of the boiler room or at the 
kilns, one of the portable belt loaders 
described under Conveyor, portable 
is most satisfactory. 

All gas producers should be equipped 
with a good ash removing system, and 
this will consist of an elevator in most 
instances. Irrespective of where the 
ashes are produced or dumped they 
can be gathered and loaded into a car 
if desirable by using a bin in connec- 
tion with any of the systems described. 

MANUFACTURERS (see catalog sec- 
tion): 
Green, L. P. 

International Clay Machinery Co. 
Link-Belt Company. 
Webster Mfg. Co. 
Weller Manufacturing Co. 

21— ASSAY SLAGS. — These slags are 
used to test the suitability of crucibles 
made of clay (see Crucible manufac- 
ture) which are designed for the assay- 
ing of various ores. Assay slags are 
empirical mixes of strong fluxes which 
are designed to fuse easily and quickly 
themselves and also to dissolve the ore 
which is mixed with them in the 
charge. In effect, the assay slag Is a 
fiery solvent which dissolves the ore 
into a thin, watery silicate, and in that 
condition applies the reagent needed 
for the separation of the metal in- 
volved. The compositions of two typi- 
cal slags are given. (1) Litharge, 2 
parts; bicarbonate of soda, 1 part. (2) 
Carbonate of potash, 4 parts; bicarbon- 
ate of soda, 4 parts; borax glass, 2 
parts; argols, 1 part; ferric oxide, 2 
parts. No. 1 has been found much 
superior in corrosive power to No. 2. 

22 — AUDITING. — Auditing is the 
checking up for correction of invoices, 
sales, purchases, and other entries in 
the books of account. It is closely 
allied with accounting. Almost all of 
the larger companies have their ac- 
counts audited once a year or oftener. 
It serves as a check on the profits for 
the year, and is valuable also in these 
days of income tax returns. 

23— AUGBR, BRICK AND HOLLOW- 
"WARE. — An auger consists of a cylin- 
drical shaft equipped with a powerful 
screw-wing, which, as it revolves, 
forces the plastic clay in the pug-mill 
or auger machine out thru the mold- 
ing die, modeling the plastic mass into 
the form of brick, hollow tile, hollow 
block, etc. (For details of operation, 
see several entries under Die.) 

MANUFACTURERS (see catalog sec- 
tion): 
Freese, E. M. & Co. 
Hadfleld-Penfield Steel Co. 
International Clay Machinery Co. 
Steele, J. C. & Sons. 

AUGER, HAND FOR DRILLING 
CLAY» see Drill, hand auger. 

24 — ^AUGER MACHINES. — ^An auger 
machine is that type of machine in 
which the clay is forced out of the die 
by means of the revolution of an 
"auger," which Is a continuous screw, 
made somewhat like a sausage ma- 
chine or grinder. In the manufacture 
of stlfif-mud ware the auger machine 
is the type most commonly used, as 
larger output is produced at a mini- 
mum cost. In the manufacture of 
brick of all kinds, drain tile, hollow 
building tile, silo blocks, conduit, etc., 
the auger machine is especially suited 
unless the clay Is of a tender nature 
or the ware should be too dense. The 
clay chamber is often lined with re- 
newable plates so that as the augers 
wear, both liners and auger can be re- 
newed. These machines are made for 
both vertical and horizontal delivery, 
and in some types of horizontal de- 
livery part of the clay chamber is ver- 
tical. The die forms an Important fea- 
ture in the use of an auger machine, 
as a poorly constructed die will spoil 
a large part of the output. (See Stiff- 
mud brick machinery; and the several 
items under Die.) 

MANUFACTURERS (see catalog sec- 
tion): 
Bonnot Co. 
Freese, B. M. & Co. 
Hadfleld-Penfield Steel Co. 
International Clay Machinery Co. 
Mueller Machine Co., Inc. 
Steele, J. C. & Sons. 
Stevenson Co. 
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MANUFACTURERS' ANNOUNCE- 
MENTS : 

Bonnot Co., Canton, Ohio. Complete 
line of augrer machines for all 
capacities, both brick and hollow 
ware. 

Freese & Co., E. M., Gallon, Ohio. 
Union brick and tile machine — 
an auerer machine and a pugr-mlll 
in one construction, operated on 
one set of srears driven by one 
belt. 

Forced augrer feed — arrangre- 
ment of wide-faced feeder arms 
workinfiT into and between the 
spirals of the augrer of a brick 
or hollow ware machine to give 
a positive feed into the auger 
and prevent bridgringr of the clay. 

International Clay Machinery Com- 
pany, Dayton, Ohio, have in 
recent years brought out a new 
design in auger machines, the 



entire base being cast in one 
piece. This, in addition to result- 
ing in a machine of great 
strength simplifies repairs as all 
bearings, being an integral part 
of the frame, cannot be dis- 
turbed. Other advanced details 
such as two thrusts on the auger 
shafts, all ring or chain oiled 
bearings, removable liners, a 
balanced clutch with one point 
adjustment have been used, re- 
sulting in machines which are a 
great advance in auger machine 
design. See our pages in catalog 
section. 

AUTOMATIC ROTARY GUTTER, see 

Cutter, and cutting table, rotary, all 
types. 

AUTOMATIC SOFT MUD BRICK 
DUMPING ATTACHMENT, see Soft 
mud brick automatic dumping attach- 
ment. 



AUTOMATIC 8TOVEROOM, see Stove- 
room, automatic. 

AUTOMATIC TRIPPER, see Con- 
veyor, automatic trippers for. 

25— AUTOMOBIIiB TRUCKS. — ^Auto- 
mobile trucks are conveyances driven 
by electrical storage batteries or in- 
ternal combustion engines, for trans- 
porting material from place to place. 
They have replaced horse-drawn 
wagons and carts for many uses 
around clay products plants. They are 
built in many cases with side or end 
dump bodies. Where the deposit of 
clay is located at some distance from 
the plant, automobile trucks are often 
found hauling the clay economically. 
At the plant a truck is found to be 
very efficient transporting coal and 
ashes. In addition, companies that de- 
liver part or all of their product for 
local use And trilck delivery to be 
ideal. (See also Truck dump bodies.) 



B 



26— BABBITT METAL.— A soft, white 
anti-friction metal of varying composi- 
tion; e. g., 4 parts of copper, 8 parts 
of antimony and 24 to 96 of tin. The 
larger the proportion of tin. the harder 
the metal. Babbitt metal is the most 
commonly used lining for shaft bearing 
boxes of all sizes. This is due pri- 
marily to its cheapness and to the ease 
with which a bearing may be relined. 

In rebabbitting a box the shaft is 
supported accurately in place, and the 
ends of the bearing plugged with clay 
or putty to prevent any molten babbitt 
from escaping. The babbitt is heated, 
preferably in a portable forge near 
the work, until it will set Are to any 
stick of wood that is put into it for 
trial. The babbitt is then ready to 
pour into the space between the bear- 
ing and the shaft. In a split box the 
bottom is always poured first and the 
same procedure followed for the cap 
of the bearing, except that special 
provision must be made for oil holes 
and grooves, so that the lubricant can 

Set In between the shaft and the 
abbitt. In order to lubricate the bear- 
ing. 

MANUFACTURERS (see catalog sec- 
tion): 
Link-Belt Company. 
Toronto Foundry & Machine Co. 

27— BAFFLE. — BafTles are thin plates 
of metal (sometimes wood) used in 
brick and hollowware auger-machines 
to regulate the flow of the clay column 
thru the die (for description and 
methods of using, see Die, factors of 
operation). 

The fire clay brick, that are used in 
boilers of almost all types except the 
plain return tubular boiler, to direct 
and lead the gases of combustion 
around the flues so that the full benefit 
of the heat will be obtained, are also 
called baffles. 

28 — BAG-'WALLS. — A bag-wall is a 
small addition of brickwork which is 
built within the kiln to prevent direct 
contact between the flre gases and 
the ware to be burned. There are 
many types of bag-walls, round and 
square, high and low. The high bag- 
wall is best suited (1) to protect the 
ware from flashing, (2) to throw the 
heat more to the center of the kiln, 
and (8) to prevent the ware from being 
drawn into the flre boxes or to pre- 
vent melting. In brick kilns, where 
the setting is run up tight against 
the bags, the semi-circular bag- wall 
offers greater resistance to crushing 
and to the pull of the fires than the 
rectangular type, and is, furthermore, 
more economical of floor space. The 
area and height of the bag -walls 
should be built to suit the fuel that 
is being used and the ware that Is 
being produced. 

BALATA, see Belting, rubber and 
composition. 

29^-BALL BEARING. — Ball bearingfl 
refer to the system of lubrication In 
which the shaft or axle is surrounded 
by balls of hard steel. These balls 
make a snug fit between the axle or 
shaft and the hub or main casting of 
the bearing. When the axle or shaft 



turns, the balls roll. This requires 
much less power than when the axle 
or shaft turns in the plain babbitted 
bearing. The balls and the space be- 
tween the axle or shaft and the hub 
or main casting are generally packed 
and filled with graphite, or a similar 
lubricant. The balls in each bearing 
must be uniform in size. Ball bear- 
ings are suited to almost any load as 
they can be made as large as desired. 
(See also Roller bearing.) 

MANUFACTURER (see catalog sec- 
tion): 
International Clay Machinery Co. 

BALL CLAY, see Clay. 

80>— BALL MILL. — Ball mills are used 
chiefiy in the pottery Industry in the 
preparation of clays, where fine grind- 
ing and intimate mixture of ingredients 
is especially Important. In general, a 
ball mill consists of a hollow cylinder 
that rotates on an horizontal axis, the 
clay to be ground being admitted to 
the revolving cylinder at one side or 
end. The cylinder is charged with 
balls of various sizes which fill about 
one-third its volume. The lining of the 
cylinder is usually porcelain. It is 
usually essential that the clay be kept 
as free from iron as possible, hence 
porcelain balls or water-worn Iceland 
filnt pebbles are used. The clay and 
other material is broken up and pul- 
verized by abrasion or the rubbing 
friction between these balls as they 
are caused to move upon each other 
by the rotation of the cylinder. 

Iron or steel balls are used in some 
mills, when the small addition of iron 
to the clay will not decrease its quality. 

Ball mills may be separated into two 
general types, intermittent and con- 
tinuous. 

Intermittent ball mills are those into 
which the clay charge is placed and 

f round until the requisite degree of 
neness has been attained, at which 
point the material is removed and 
another charge put in. 

Continuous ball mills are so ar- 
ranged that the raw ingredients are 
fed in at one end of the rotating 
cylinder and gradually work their way 
toward the other end, becoming finer 
and finer until they are sufficiently 
pulverized and discharged at the op- 
posite end of the drum. 

MANUFACTURERS (see catalog sec- 
tion): 

Baird Machine & Mfg. Co. 

Bonnot Co. 

Hadfleld-Penfield Steel Co. 

International Clay Machinery Co. 

Mueller Machine Co., Inc. 

Stevenson Co. 

81 — BARIUM CARBONATE.— Many 

good clay deposits, otherwise admir* 
ably adapted for the manufacture of 
brick, tile, terra cotta, etc., contain 
impurities which cause a white scum 
or efflorescence to appear on the face 
of the fired products. The trouble 
usually originates thru the presence 
of soluble salts, such as sulphates 
of magnesium or calcium, contained 
within the clsv itself, but may also 
be traced to Zry^a in the water. To 
prevent the f^^ tlon of this objec- 



tionable scum, which mars the appear- 
ance of the finished product and there- 
fore reduces its commercial value, 
barium carbonate is used. 

According to Gerlach, a clay con- 
taining 0.1% sulphate of lime, which 
is the same as four grains per pound, 
would need 0.6% of a gram of barium 
carbonate per pound of clay. This is 
equivalent to about 100 lbs. for each 
1,000 brick, based on the supposition 
that a green brick weighs seven lbs. 
If barium carbonate costs, say, three 
cents a pound, $3 worth would be re- 
quired to treat 1,000 brick. 

The impurities in the clay or clay 
and water may vary decidedly, how- 
ever, and the beginner must neces- 
sarily experiment to ascertain the 
amount of barium carbonate needed to 
eliminate them. The most satisfac- 
tory method is to analyze the clay and 
water, but where this is inconvenient, 
or where practical tests are preferred, 
good results may usually be obtained 
by conducting the following experi- 
ments: 

From clay prepared in the usual 
manner, weigh out a sufficient quan- 
tity to be used for experimental pur- 
poses. Divide this into several lots — 
say, six. Add barium carbonate to the 
first lot in proportion, say, of % oz. to 
28 lbs. of clay, and double the amount 
of barium carbonate in each success- 
ive lot. Fire these lots in the regular 
manner, taking care that each lot is 
properly marked for identification. 
From the appearance of the resultant 
samples, as taken from the kiln, it is 
usually possible to determine which 
mixture will produce the best results: 
but as efflorescence frequently devel- 
ops later, it is advisable to extend the 
tests under the regular weathering 
conditions. Since, in drying molded- 
day products, the evaporation is 
greatest from the edges and corners 
of the ware, the incrustations may be 
heaviest at these points, but the more 
rapidly the water is evaporated the 
less will be the quantity of soluble 
salts deposited on the surface. In- 
crustations which appear during dry- 
ing are found most commonly on brick 
made from very plastic clays, which, 
owing to their density, do not allow 
the water to evaporate quickly. 

As barium carbonate is insoluble in 
water, in order to make it thoroly and 
uniformly effective it should be used 
only in a finely powdered and precipi- 
tated condition and distributed thru 
the clay as thoroly as possible, be- 
cause it will act only when it comes 
in immediate contact with the soluble 
sulphates. A good general rule is to 
add the barium carbonate immediately 
before or during the last thoro clay 
mixing operation before being worked 
into the finished shape. It is also gen- 
erally advisable to use a trifle more 
barium than is actually required. 

82 — BARROHr AND TRUCK, HAND- 
POIVER. — ^The original method of mov- 
ing brick or other clay products both 
in the unburned and burned state was 
by means of wheelbarrows. This 
method is still in existence in many 
places. The old style barrow with one 
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Wheel has been replaced In many cassa 
by the two-wheeled harrow or the two- 
wheeled truck. The bed on the latter 
la Hat on top, and thereby dllTerB from 
the wheelbarrow. Unless the capacity 
1b largre, or the distance Ions' It Is hard 
to find an Improveniont on the use of 
wheelbarrows. (Sea also Wheelbar- 

HANTn^ACTtJRERS (see catalog aec- 

Hadfleld-PenHeld Steel Co. 
Freeae. E. M. & Co, 
International Clay Machinery Co. 
Steele. J. C. & Sons. 



' or Bewcr Pipe 



.1 the drying floor to the kiln. 

barrow or truck has two larg-e wheels 
ntted on the end of a bent axle eo ar- 
ranged that the wheels are located on 
the sides ot the pipe. 

MANUFACTURER (Bee catalog see- 



Steve 



1 Co. 



3»— BARYTA.— The oxide Of Barium 
BaO, used in manufacture ot porce- 
lain, pottery and chlnaware. 

SSA — BARYTEiS. — Barium sulphate 
(BaSOi), which does not contain any 
water, altho a related compound may 
be prepared which does contain water. 
This compound was used by Wedge- 
wood In the manufacture of Basalt 
ware. In place of cornlsh stone. It la 
' rarely used to-day In body mixtures. 

The term "barytes," Is often Incor- 
rectly applied to the mineral "wltbar- 
Ite" which Is the carbonate of barium. 
This error should be avoided. 

M BATHTUB AND WASHTUB, — 

Commonly made from buft-burnlng 
clays (such as terra cotta Is derived 
from), and covered with both a white 
■lip and a glaz*. The lining la usually 
vltrifled. but not the body; hence, the 
term "porcelain lined." The preaalng. 
drying and burning of such a large 
object as a bathtub necessarily take 
much care and time. The pressing Is 
done by hand In plaster molds, and the 
wares are commonly burned at conea 
nine to ten. perhaps slightly higher. 
A nnlshed bathtub may weigh EDO to 
SOa lbs,, depending on Its slia and 

3J^-B A T T EI R Y OHARGBH.— This 

oonalBta ot an arrangement or mechan- 
ism for storing electrical energy In 
storage batteries. Batteries must be 
charged with direct current, and for 
thla purpose a mercury arc rectifier is 
placed In the line. In (act the rectifier 
with the transformer, BWltches, etc., 
constitutes the entire equipment. The 
number ot colls In the battery must be 
Arranged so that the voltage required 
by each cell multiplied by the number 
ot cells will equal the current avail- 
able. The mercury arc rectifier 
Changes the alternating current which 
Is supplied In most localities to direct 



8S— BATTERY, STORAGE.— Storage 

batteries are the source of power tor 
driving electric trucks, both of the 
automoblie and Industrial type, and are 
"■«d fo- some electrlo transfers and 
■lectrJo locomotives, or electric "mulea" 
■" <hey 're called. These batteries con- 



sist of plates of different metals Im- 
mersed In a solution of distilled water 
and sulphuric acid. The chemical ac- 
tion causes an electric current to be 
generated. These can bo recharged 
after use. by passing a current In the 
apposite direction, which reverses or 
nullifies the chemical action which hu 
taken place. Batteries are really de- 
vices for changing chemical energy 
Into electrical energy. 

8T^BAUXITB.^A ferruginous 
hydrate of alumina, AI>Oi, 3HiO. It fa 
named after a town in France whore 
It was first discovered. It Is brown, 
yellow or red depending on the amount 
of iron that It contains. The chemical 
composition varies, but all contain a 
remarkably large proportion of alum- 
ina, with a relatively small proportion 
of Blllca. iron and other metallic ox- 
Ides. Bauxite has been found that has 
76% ot alumina, 1S% of alllca, and t% 
ot fiuxes. Bauxite Is used In the pro- 
duction of alumina, aluminum, alum 
and for lining of furnaces that require 
a high grade refractory with the addi- 
tional capacity of having a basic com- 
position, that is. a chemical composi- 
tion that Is acted upon by certain 
fluxes and chemicals very slowly, 
Arkansas and Georgia afford the prin- 
cipal sources of bauxite In this coun- 
try. Bauxite has very little bonding 
power and In the manufacture of brick 
about 2b% of flre clay or up to S% of 
lime or sodium silicate la thoroly 
mixed with the calcined bauxite, so 
that the resultant brick will with- 
stand a cruahlng strength of 10.0 



BBARIITG, BALL AND ROLLBR, see 

Ball bearing and Roller bearing. 

aa — BEARING. OIL-LESS.— An otl- 
less bearing Is a bearing made from 
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S8 — BRARING, ORDINARY TYPBS 
OF'. — A bearing Is a device or arrange- 
ment which keeps a shaft or axle In 
place, and permits It to be operated at 
any desired rate of speed, whether the 
shaft be operated In a horizontal or 
vertical position or at an angle. A 
bearing generally consists of a cast- 
ing or castings which are made large 
enough to alfow babbitt or other so- 
called frictlonless metal to be placed 
In contact with the shaft or axie. Pro- 
vision must, of course, be made for 
■■■-■■■- en the bearing metal 



and the shaft. Mineral oil, i 
ture of oil and graphite, or a well- 
compounded gre 
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vhich touches 
the revolving shaft or axle, the other 
part being In touch with an oil reser- 
voir. Still another type, frequently used 
on motors, generators, and other high 
speed machines, has an oil reservoir 
beneath the bearing and a metal ring 
at each end of the bearing, so that, as 
the shaft rotates, these rings revolve 
In the reservoir and keep the shaft 
supplied with the lubricant. (See also 



ring.) 






Rol1< 



.- bearing Is a special bear- 
ing designed to enable the shaft to 
accept an unusual thrust or working 
stress. For example, where the shaft, 
instead of being of uniform diameter, 
has a number of rings cast integral 
with the Bhaft. yet of larger diameter. 
Between these rings the diameter la 
uniform with the remainder ot the 
shaft. A special bearing Is made to fit 
around and between these rings. Thla 
prevents the shaft moving endwise in 
"■'' bearing, and helps to take the end 



thrust 
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MANUFACTURERS (see catalog aeo- 



Internatlonal Clay Machinery Co. 
Link-Belt Company. 
Weller Manufacturing Co. 
BESD-PLATB, see Pan, dry and Pan, 

40 — BELLRBK. — Sometimes termad 
egg-shell ware; a porcelain product of 
unusual thinness and delicacy. 

BELT CONVEYOR, see Conveyor, 
belt, and other conveyor classifications. 

41 — BELT DRBBBING.— A 



, and second by 
going Into the pores of the belt, pro- 
serving It and Increasing Its life. Belt 
dressing comes in liquid or solid form. 
the solid form usually being made up 
Into a stick which can be held against 
the belt. The friction of the belt takoa 
up the dressing evenly. In using any 
belt dressing a small amount wTll do 
better than a large amount If spread 
uniformly. A large amount In one 
Place will form a cake which does 
more harm than no dressing at alL 
Each kind of belting, leather, rub- 
ber and woven canvas has dressing 
made to suit its special requirementa 
and only the type suited to the belt 
should be used. See Belting, fabric, 
leather, rubber, etc. (See also formu- 



Gandy Belting Co. 
U. 8, Rubber Co. 
43 — BELT FASTENBRS.~Some belta 

are made endless to suit the condltlona 



o make the belt drive the same as an 
indless belt, with the additional ad- 
vantage that the belt i ' ' ' 
- i when It stretches 

.. jllps, or loses powe.. 

Belt hooks and rivets, and Belt lac- 
ing, all types.) 

MANUFACTURER (see catalog aeo- 

tion); 
Weller Manufacturing Co, 
43— BELT HOOKS AND RITBTS.— 

In fastening two ends of a belt to- 
gether, metal plates bave been found 
to be very satisfactory In many plants. 
One type of these consists of hooka 
and plate all In one piece. The hooka 
are made at right angles to the plat« 
proper and driven Into the belt and 
'"-*'--■'. When put In properly they 
strong and last as long aa tha 
ucii. another equally strong and sat- 
isfactory type has rivets which are 
driven thru the belt and clinched. Tha 
Plate In this type Is slightly curved 
but has no hooks. Holes are pro< 
vlded for the rivets and the plate la 
placed on the outside of the belt, be- 
tween It and the heads of the rivets. 



I a horizontal 

BnKK wnicn, in [urn. IB supported by 
two steel or wooden arms or by a 
flexible framework ot wood or stesL 
The device Is generally stationed about 
midway between the two main pulleys 
and so arranged that the weight ot 
the idler-pulley {which may be — ■--' 
or lowered at wll'- — - -- - 
of the t 



face 



> belt t 



of I 



cllc 



, pow 



_ ..,._! the top 

belt, thus causing the 

> the slack and assist 

- - :,riilT,g s 






leys. The use of a belt Idler is advis- 
able when the distance between pul- 
leys is 80 small that It Is difficult or 
Injurious to the belt to tighten the 
belt sufficiently to make It transmit 
■er without slipping. (See also 






, idlei 



MANUFACTURER, 






Weller Manufacturing Co. 

40 — BELTING, FABRIC Fabrlo 

belting la that type ot belting which 



Beltixig 
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Bervatlve, which adds to the life of 
the belt, and counteracts acids, water, 
steam, heat, etc. In some makes the 
fabric Is dipped Into the preservative 
before being: folded. Also In some 
cases, a thin layer of a rubber-like 
material Is placed between the layers 
Fabric beltine Is suited to practically 
any of the drives around a clay prod- 
ucts plant altho in some cases the load 
may be so heavy that its use will not 
be satisfactory unless gresit care is 
used to install a heavy enough ply to 
Insure a minimum of stretch. It Is 
also used as conveying: apparatus in 
the form of belt conveyors. 

MANUFACTURERS (see cataloff sec- 
tion): 
Freese, E. M. & Co. 
Gandy Beltingr Co. 
International Clay Machinery Co. 
U. S. Rubber Co. 
Weller Manufacturing: Co. 

MANUFACTURERS' ANNOUNCE- 
MENTS : 

The Gandy Beltingr Company, Balti- 
more, Maryland. Gandy, the 
origrlnal stitched cotton duck 
belting is particularly adapted to 
the service requirements of the 
brick and clay industry. Its 
long: wearing: qualities, ability to 
resist heat, moisture and steam, 
freedom from stretch troubles, 
tougrh resistance to the action 
of grrlt and abrasives, and Its 
practical efficiency on either driv- 
ing:, conveying: or elevating: in- 
stallation, makes it most econom- 
ical as well as most satisfactory, 
efficient, and lasting:. For un- 
usual installations, where there 
is extremely hlg:h temperature or 
acids in contact with the installa- 
tion Thermo-Gandy, the higrh 
temperature, impregpiated black 
belt grives superior service. 
Gandy Belts all carry three dis- 
ting:ulshing: marks — the Gandy 
name, the special Gandy trade- 
mark, and the Green Edg:e. 

46 — ^BBIjTING, liBATHER^-AB the 

name indicates leather belting: is made 
from leather. Only the best parts of 
the hide can be used for the larger 
belts and where the service is severe. 
The several hides are lapped and the 
ends cut in gradually diminishing thick- 
ness. Very strong glue is used to 
fasten these ends together. Most 
large drive belts of leather are made 
endless, by tightening the belt all pos- 
sible, cutting the belt for a lap joint, 
the same as if being manufactured In 
the factory and glueing the ends to- 
gether. If the belt is made of the 
right kind of leather there can be no 
stretch. Leather belting is suited to 
be used in any of the drives around a 
clay products plant, but its use is usu- 
ally restricted to main drive belts and 
drive belts in a machine shop. Its 
resistance to stretch is the quality 
that recommends it for these uses. 

MANUFACTURERS (see catalog sec- 
tion): 

Hadfleld-Penfleld Steel Co. 
Weller Manufacturing Co. 

47— BELTING, RUBBER. AMD COM- 
POSITION. — All rubber or composition 
belts are made with the rubber or 
composition on the surface and inter- 
spersed between the layers of the fab- 
ric or canvas. The fabric or canvas 
holds the rubber or composition to- 

frether and takes care of part of the 
oad or pull. These belts are suited to 
any of the drives around a clay prod- 
ucts plant, and especially to convey- 
ors, as a special coating of rubber or 
composition is placed on the top to 
withstand the wear of the conveyed 
material. Rubber belts should be of 
large ply unless provision is made for 
taking up the stretch shortly after a 
new belt is Installed. 

One of the composition materials 
used for this purpose is balata, which 
Is Imported. 

MANUFACTURERS (see catalog sec- 
tion): 
O^oodyear Tire & Rubber Co. 
£Cfidfleld-Penfield Steel Co. 
Iriternational Clay Machinery Co. 
New York Belting & Packing Co. 
XJ« S. Rubber Co. 
"V^eller Manufacturing Co. 

MANUFACTURERS* ANNOUNCE- 
MENTS : 

Blue Streak Belts made by Good- 
year Tire and Rubber Co., are 
friction surface belts with a very 



high co-efficient of friction. They 
hold the pulleys sliplessly, in 
spite of dust. They are impervi- 
ous to moisture or dampness, 
and subject to a minimum of 
stretch. They are very pliable, 
* making the most of pulley con- 
tact, and have great strength. 
Thruout the brick and clay in- 
dustry, Goodyear Blue Streak 
Belts are known for efficiency, 
economy, and good wear. 

New York Belting and Packing Co., 
91 Chambers St., New York, N. Y. 
Rubber belting for conveying 
purposes and for the transmis- 
sion of power in brick and 
clay plants, is particularly well 
adapted to this service on ac- 
count of its waterproof, wear re- 
sisting and non-streching quali- 
ties. By the nature of the 
materials used in construction of 
these belts — cotton duck and 
rubber — they resist moisture to 
a marked degree. The "friction" 
strength, or holding power be- 
tween the plies of duck is so 
strong that the most severe 
usage will not cause separation. 
The cotton duck used in Con- 
veyor Belts is protected against 
the cutting effects of materials 
carried by a tough rubber cover. 
The pulley side of the belt is 
also protected by a rubber cover, 
usually made of a lighter gage 
than the cover on the carrying 
side of the belt. 

48— BELT liACING, ALL TYPES OF. 

— There are several types of belt fast- 
eners (in addition to those described 
under Belt hooks and rivets). The 
original belt lace was made of rawhide 
and many plants still use it, satisfac- 
torily. Some plants use an all wire 
lace, especially for the smaller drives. 
There is another type which possesses 
many advantages. Each end of the 
belt has pairs of hooks driven into it, 
on both the inside and outside. After 
these hooks are clinched, each resem- 
bles a U with about three-eighths in. 
between the end of the belt and the 
inside of the curved part of the U. The 
two ends of the belt are then inter- 
locked, and a pin of metal or rawhide, 
of the same length as the belt is wide, 
is run thru the interlocked U's. This 
type is satisfactory and possesses the 
additional advantage that the belt can 
be taken out of use and put into use 
by removing and replacing the pin. 
(See also Belt hooks and rivets; and 
Belt fasteners.) 

MANUFACTURER (see catalog sec- 
tion): 
Weller Manufacturing Co. 

4»— BELTS. SILENT-GHAIlf . — The 

silent-chain belt consists fundamental- 
ly of a series of leaves or plates, the 
joints of which consist of segrmental 
case-hardened liners or bushings, and 
case-hardened steel pins. The holes 
in the heads of the links are of a form 
which provides a lock grip for their 
own bushings, and a clearance space 
for the bushings of adjacent pitches. 
In operation, the improved silent-chain 
belt may be compared to a flexible 
rack, designed so as to keep automat- 
ically in proper pitch contact with the 
sprockets. It has a certain amount of 
elasticity due to the arch shaped links, 
and, thus, to a greater or less extent, 
is driving thru an elastic medium with* 
out shock or noise, which makes it 
very desirable for general power 
transmission purposes. It engages the 
spriDcket wheels over large areas of 
their circumference, and in addition, it 
eliminates the sliding contact, such as 
exists between the teeth of gearing. 
Under average conditions the silent- 
chain belt permits unusually short cen- 
ter distances between drives. The 
efficiency of the silent-chain belt is 
rated at 98.6 to 99%. Many advantages 
are found for this type of belt; it can 
be run at high or low speeds, is not 
affected by heat, cold or moisture, 
friction of shafts is reduced, there is 
no slippage, it works equally well for 
short or long centers, and for drive 
at any angle. It can be run thru a 
bath of oil at its lowest point to lub- 
ricate the points of contact. 

MANUFACXURBRS (see catalog sec- 

^"»- ^i^«c&« 00. 

so— BELT b nttEB- AND TIOHT- 

ENBR.--A trrVRBJt*^^ to pull a belt 



tight by removing all slack. This is 
done whenever a new belt is installed, 
or whenever a belt which has been in 
use has stretched so much that it slips 
on the pulleys and thereby does not 
transmit its full quota of power. A 
clamp is fastened on each end of the 
belt or at two places near where it is 
intended to cut it. The clamps extend 
beyond the edges of the belt so that 
two long bolts with right and left 
screws can be fastened to them thru 
holes. The bolts are then turned with 
a wrench and the two clamps are 
pulled towards one another by means 
of the right and left screws. When 
the proper amount of slack has been 
taken out the belt fasteners are at- 
tached and the belt stretchers re- 
moved. Instead of having the two 
tightening bolts working independent- 
ly, some of the belt tighteners are 
made with a lever which acts thru a 
set of gears to tighten each bolt at 
the same time and an equal amount. 
Of course this is better in every way. 

MANUFACTURER (see catalog sec- 
tion): 
Weller Manufacturing Co. 

61 — BELT TROUBLES, REMEDIES 
FOR. — The amount of money clay- 
workers lose thru shutdowns to take 
up belts, repair broken lacings and 
thru "slipping," is appalling; and in 
practically every instance these trou- 
bles can be traced to low-grade belts, 
or belts too light for the service. The 
trouble is always at its worst during 
a rainy spell, when the belts draw up 
or shrink, and tear out at the lacing. 
When the air drys they stretch and re- 
quire taking up. The best of belts 
will stretch or occasionally tear out a 
lacing, but invariably they give suffi- 
cient warning to allow repairs to be 
made out of operating hours. 

Machines are often equipped with 
belts that are too light (having too 
few plies) or too narrow. Contact be« 
tween belt and pulley is the all-im- 
portant factor in a belt drive; the 
freater the contact the better the 
rive. Naturally, drives should be ar- 
ranged so that the tight side of the 
belt is on the bottom. This gives a 
greater arc of contact and eliminates 
the necessity of keeping the belt too 
tight. This in turn eliminates stretch- 
ing and torn Joints. When the drive 
is wrong — with the tight side on top 
— at least two plies should be added 
to the thickness, over and above what 
the tables call for. 

Belts should not be allowed to run 
until they slip, but as soon as they 
show signs of being loose, should be 
taken up. A failing Joint should be 
repaired as quickly as the plant shuts 
down. 

Many plants are prevented from get- 
ting "capacity" thru belt troubles 
alone; re-equipping with the best and 
most suitable belts for each specific 
operation would, in these cases, pay 
exceedingly well. 

BISCUIT KILNS, see Kiln, biscuit 
and glost. 

82— BLACK GORING.— In burning 
brick made from clay that contains 
carbonaceous matter, the ware may 
come from the kiln having the desired 
color in all portions except its center 
or core, which remains black. This is 
called black coring, and is caused by 
a deficiency in the amount of air that 
is supplied to a kiln at the time that 
the ware is at a dull red heat. If this 
deficiency exists the iron may be re- 
duced instead of being oxidized and 
may also vitrify to such an extent on 
the surface, that later in the burning 
when a higher heat is attained and 
more air supplied the carbon in the 
center of the ware may combine with 
the oxygen to form gases, which, in 
trying to escape, may bloat the ware 
and render it unfit for use. This is 
not as liable to happen with a sandy 
clay or shale or with a fire clay as it 
is with a close burning clay. (See also 
Carbonaceous matter, and Burning, oxi- 
dation period of.) 

BS— BLASTING. — The operation of 
loosening clay, shale or earth that is 
to be removed as overburden or that 
is to be dug and used for the manu- 
facture of clay products, by explosives. 
The materials and methods used are 
described under the items devoted to 
the two kinds of explosives generally 
used; namely, Dynamite and Powder, 
blasting, and the reader is referred to 
these items. 



CL4T FSODUCTS CTCLOPIDIA 



<*» V^ t.-rrO. %.U >* f,''*TJl t>> ^ til* 
1 Wi<x>kAri 



T?rA:i> r&t^ a: A^o^st 5^.* .r Ifes. of dry 

:iA: cA?»*c:ty 

MANWAOTVRKRS v9«« catalog 



«• 



A <v- i 










I'^:^— a:- — a! 0:at VA«r2::3«rT Co- 
il ^r.^r 34Avh.=L* 0«^. i=c- 

WAr>» Axtf. Trvz:.=. X. J. Of 

A-" *.•: .^: :;n-wrr ilAci-.r.* witJi 

" J * V ,rATr«A'>r- « J' c^ a <^> *«* ««^ 



• V 



•• « 



V^ 




-^ . » 



^?^ 




* V A-i '*i.;'• 
t * ♦ 






A Vo-'-jr is 



tod: 



■*vi, ; ; .■ '► .- 

* A-v * 







" - . ."* i ^^*-r 

T * # * * 3 X A" • 

,■ -csTi'; 1 , * i 

* r-*. "fA-- 

S^ • « "^ -^ 13 i 

* 1 . • ;. T* < 
^- * . . .:S "t * -• 
7 ♦ - i '^ .1 

* ^ . 1 . ,-.' »: -•* 
-► . -" • 4 ,-t 

■« > T ^ • •• »i 
1* X J" * 

>t '• * ^ .• * i 

^ ill ', "S'j X .*. t 
J A * 7 * » t 

% t .-a :* A •-•.'J** 

: 4jx^;;p ia»- 

A >.»»"va svr , »a; 
; X * -n.».*- 4i» 
cti 1 ;** ' *L -T 



i wAter- 

. * Na: *- a. ^ t •* - r* Ar>; asAiy ty7«s 

■: ^.. rr* 2? A,*;. i?r«;ri "-^r ox ti* ss« 

.• 'w * ,-i i-.-,« Ar* ;c -t r ^: Ar.'xii 



t 



- - ^ *^. 



... "» - 



>- T . v «sAr ■ .-/ -A-r .? :;J^ 



^'*~:n,', t,c .'V. * i2«t.^i - * rrm^J. ?*fr «^ 

«- . ' •;* * ''=?*• -v A *v- .?A-\;r A.T z A 

>..«^ 'jL aa,*. ?-* t* ts*i9^t. .r s^^- v.. -t^ 

A T . ? * * ,-. '?•■'* *r /.*»» - 'n** :/ 
s ,V ~ ,. ^- 7"* ^ )>Ac«C "!i£ ^mftCll-.l^ J» 

>♦.. ' ■• -. vi »-IU XO*vr*i. 

tiw'^^^i.^at -r y.-^.^.'i*, t^ la ^*- to.u- 
* .*.e^ o . — ^ j^ ,v 4^.~ J. • --?«ia«4i -^ 

*.*.»■- % * "X r r.'.-r? .** .T! A 5a -, .T 

». M ^ ••: is*-s .V *»-iSs^^a.'« 2Xt 

»- » *i*.* •** : ~ .'•." "^^ A."* .2 • A CAi» 

•-'^- .o - o siS:. XT ;;..AOx x.- 3t^s«4aa /»; 



•J* ^..« --^ *\:.'i:Ar ATi 

i.A:?r :^^^ :•• er^s.. sat t-. I>^-'3r^tl■•• 

^ %.T%;iL> *•"* V A--~. ^•. -rr i «1 AJl t 

• % %A;er 

» • ♦ I & K m c » mf »r '^^^— ?>- :* *r 

V - o*-^* Ar^ oierr ca_* i.^*:s:i-f«i ?v 
^ ; * * scA :» or s»r'i_2t*:ri tl^: 

" • .' ' - >•-:» :rv^ sr "wA'-fr ^-^ t a-."** 

^ " ; ■" . . - , * * I i 1 : AT^ 1 sac -'i -^ 

»A.5- A- i. '% * -^ s*;:: i , -I A* 

» A r ~ # ? A TC ~« • - i r * * t ." T i * 
• T «^ X r 1 : I : - S- r "'..-.'■ r * .'"•*.- Is 

. * , a : " . ; * : r-j^ r * < .* i ": .* ^^ a* 

•- S*-A. • A".* t J J.5 Ii--: T i-i'-f*- 
T. ' .-i i' s \ r«5- TI : 3 r* irit a t~T 12-t 
^, A ; C->*S».'> A A_*^^ 'VA*^!? -. ii'f_ 

\ Q^; * : : ; ? :a<fy-: rr*: ▼ i *j ?- t* at^ 

1 * »vrj. 4 3*..": A3«f ■?«• * » i-'T *J ^XifcT 

, rAJ ;« r^^£Xl': ft *»Jv.^' 



•• -.f! • -IT' » ^••I«* I'i'- IT J-O. II ♦ 
— * "C »A i* i A,>.~1 *•!. I. , -•s^ ^- X- 

> ^.r -i. ~:» z i.-n .'zc \. i-a~ i^ * 7~:- 

*4 **-?• '-:•;--.- ^ Aa ?iii..?a'j/ ,•; 

' -^ ^ : A ;a« ' "*•• i- i'* ^ 1«fc •• " 
y. •!.<>* ; : s i:« .-»;* • >* x* .;; 

As- > :< TI r 7»- * sr I^CWsSS-A."* t^ 

- ; . .rs I • 1 7. 1 A-X r J^ t»*. Il 



Itt choostBs^ coal for boilers the fol- 
lowisTfT renins should be csrefslly eoB- 
5:den^d- (I> size cf coal lEcs^t soitsble 
for pArticslAr bo:>rs or cccdliioss of 
us«: «** most ssiisfsctcry pereeBCsces 
of £x«^ carfc-:a And vclAtlle coastini- 
e;:ts :a tli« ccaI: • 3 • aaisre aad amoact 
of ccke produced frcsi the eoal: (4> 
azrruat cf asb left ty the coal and Its 
inelimp >:»iEt aad cllskeriaff properties; 
•»> aEi::ia; of ^cisture 1= ihe eoal a»d 
:ts cric.ri. •» type cf t.i.cr fTzrmace 
A-i itA nelAt.^n re ccaI Av&ilable: iTi 
crsifr :f ir* grares rs^-i la fu.raac<': 
rl-:* shcu'.i ^tJ arrAr^*'i rr »:=^t tbe 
V- il A s=iA I grar* c«i*rAi:y bci&c 
rr -re e-^^-nrsurA! ? arT-Ar.«^=ie-t acd 
5 zir ^f f-T* Ar i =:A-r*r .r w-;i tk-^y 
Ar* o»:r.$tr-j:T'i. * i-rr-rns. :as cf 
eji:=.-*:. . ■ 1 a:« a c*-rci .r c»mi:tio=.s 

---• -■' -^ — •_-- ^•,._'« V^ "••»«»-^ -•^•^i*"'¥• 
exArr-riTi. as :v=i;:*:Ti-e«s ;f c>:5=.t3s- 

c: I** At AciiAi:? r^ed-c'i rAi best 

^^ sr-sA-is .1" c»::i'TT;r5 sri^t 2.rt 
A .'Tr-rd :: fA.. ::•: fxr :r tie 
r-A-.? v._ r-c-jn* i-z^sT-.Ai-s Aii 
T .*- •!■ itT-CJTA^.rA^ scjA<r» ir-i-UL 

-.T^ l*s?5 1 xtI t ^ t^ i.Ai.'i— r '"•i.rati 
s-:i.-"r5. ^;:r Ar>t li=_:<^ r 



« J 



«^;<ert Att«3.I12l 



ex 
tie 



^^■* ^ T'T».*S. " '^ rf ti."f 

T :• '-"^ -* 4rsz--A y l^t*:? 

- xz -X .:i Siiri.i t«* a^ 
?• -s* - 2 It :r .< xs:iA T 
:•:::'.' < ~ "z rf ti-< srArt-r 
i:TT .-: : .i iia: -..-a r ^^fizs ;c: 
. :»-rA: t, Sa.. "l :r s. :t yr\LZtr j$ 
171 ■s:--'* T'l AAA:-* t^«* 
s.TTy *T-i£ :•- AJii_— i^i. ajt-x. a yxit- 
it t; r ; 1 •! 'I r— vtA. ~T? ;i~ Ajc _"S»i. 



-X- 



» . ■"• 



5 A.—: T r«5 2: A ' It Ttm.'! T«ed 

* -f "T -. rAi*~ r sc*iJk :e 












"• - - «r 1^ ill AJ«i AI f I ir 









;- ■*» . 



> *» ~ * •; 7" *.w> ST*.-- 



•.» 



« X 







^ It- ^ 



r— 



^.»0!> ^-ka- t* • -: 



V » ^ 






n 

i 



' . > r-».3x a: t* «i.n'? T • n^'*? -» *-**» 

~ *J> l-r :•; 1. l.;X: .* .Xi -Tl-I^i^ir' 

5. . A ;«r- X,i~ VArc*-i..ijf 

"■4 -»%-*. r ?4 X 1- »Tt !.*> i ,•fc'-S»;-~ 

■• % T - A J •• - --r«; .--*■.,•*. ^ ,»•: 

* • -' ?»-- X *- . s; L ;^ 1>*A- .1^ 
^ . ■ . ^ :s*\ X C *~» - - Ar-'-uk. :. ^-A. 

; --'-. ^' i? 3^. ia» >C f ;** A:r«^ 

- • - * 3*5. TS^ •. : .-J A.^-^A ,• -r IX* 

' -w- - a* . ■ *.ii .•A , ?i.^ CA-« 

~ "I •; »• i - • s- 1 ' . » -i ■n.A.i i 

-■->>' X . . i-* IS TjJ- X T • • "»i > 

i. -r.- - ~ _ * ?. 4. •-'.•.*. • 

'•' X ? n-,' *•* . X : kL< A ^ . • • **. 

••-■' T»5 X. y iv - Xv *.- r 'T .1 'v?ca^r'- '**« 
*jC »':«5. X''-> :5*. r».r j-.-r-* J, >. *• <* 

* ** ■" ." -X »•,- ia> :^ .- i^ '. -;^ a.:-X i.. 
S!^ -•*:* v^" X. ; "••^ X .* ■»- ^j-at*- 

* *:i ?-isi i-3#. 5« .-r '^:«^i :$ • >-«^-» 

"... .•<'>.•• '. ••- ~ "s X T. ivy- 

•«■*■>••■? *" * »c- « 1.* .X Xcf 

•-^ ' • * " '. •«.••" X. ? -AT 1- 



ij.*?? .31 *. r«iA:-* ;- r^_ ;r- f*s :t 2S 
<- it: l: .:r i.<- '■"A^^r ^^.-i^a-t tc 

"T •-- t*lT '. « S— 1 7* 7«r «-A_ :* 3EA^- 
7 -<.A Xfrr .IS A7C ":- .ni33ai r'HTT-lSI'I X 

a: ::* -^i-^r i^f. _: tA«t ^^^Ar^r a.js*x 
C7:a>7# -.!-:— i..t4» 

«""ir~*T '•Aiir *aT7 :r » a»-c tro^ liSr*L 
■;*5 ts-i-vAirr 3:j..' i«i i-»i:isi jy 
7: *^A.7* •: -*r * 7 • TJ. ; -• -s — a s^-sc: 

: . ?r ,*r X t f. -:i ^2 * i •; $-As«ai 

'.rjr .* f * 1 * 7 :-* 7-f--** .r-T «t-<sr 

1 X i ••» 7T 7 - _K ; - -7ao» ss • 1. t J " 

-•-' a: — A :^ T»i r-' zvzi z "Lii -vA^r-* 

•- ": ^ 5« I : '^•. : :.• r.2 .TUit^T" w^*tx 

:*«> -^•i. "^ t XA.—! 'w-xzir t2he rr- 

,',-.> - Ts .7 - i * 7 7*i* 71-..' i** at" .-re 

1- ..."-.121 i: — 1 $c^ ? _i lii* ^rv-'-r 

V ^>.. *. t: ; 71 -A-x* t: !-<•: ?•« ?r-2 :-_iX«^ 

: .* ^^ t: "< A. i""i*- '7* •; 9u«zc 

•-* 71 * - 7 "• - . . 1 ? *o 7 Tax^jaa- tc 

JT *<;:* -" ••^* * 'SrX' l^i^r 

7- i-r^ T *:r . , • -r^i--2» :i r. it, Tt. ilAmf 



- X • ^ 7 :• '••s^-i sc 
-7i : -'S * : : : - 7.^ >u.t.77 :«j-^ jft«r-x>«t. 
^ * " ?» -<jk .. - A- 3K. j*f '^ ;—7»i«i ri tit 

?• •" ;;. ia^ *A-:-* 7! .S-C I** ItCC 

>r«s .•*- »n Zi i-v' .i: ' zsa t3^2& a 



, »-' 



W . - TT 



A.7 i Si 'si 









•X . * *•",*.'* - 



*^ *•< 



* » 






* » 



-. - X 






: :- 



- 1 i~ T 7 r* *-*•* saixi? :r tC 

-i % * * ■ *•- : -r * -I "**- 

X * - - <A ' -^ - •■?•.• fl» V 

X-* I >*-? ^ 7:-v.' x*» Tr*« •■«aCs^ 

s- -•n 1 - .. x- ^ r X -u-iai^ 3«r*- 

X t: - *. -• :.:^-.i- -- i*f iiiri 1-^ 

7 •:> • * ▼! -r s X'sO^?^ >y 

" ••■ -^ ft r.'*- -^k. I"** JV ?•••- 

* ' r- -.*•# . A X imjt ir 

» - r. T . * A^'-T" sw ** 

- ' ", ' . :. *.*v.- .a Amt 
' -^ -<- . - -• -Sxa xvu.«r :1t 




Boiler 



CLAT PRODUCTS CYCLOPEDIA 



Brick 



l8 returned to the boiler with but 
little loss, and the Instrument is so 
simply made that it seldom needs re- 
pairs. Few injectors, however, can 
deal with water at a temperature 
above 100 deg. F. 

The usual form of pump for boiler 
feedinsT is dlrect-actin£r> and either 
single or duplex. Power pumps run 
by belting: from the shaft are also 
often employed, but as they cannot run 
when the engrine is down they are 
subject to gresit disadvantagres. 

It is desirable to have two Inde- 
pendent means of feeding a boiler, so 
that if one gets out of action, the 
other may be relied upon. 

The feed-water should enter the 
boiler near the coolest portion of the 
water-space, to prevent lmplng:ing It 
on hot plates; it should also be diffused 
thru a perforated pipe, and not de- 
livered in a direct stream. 

To facilitate cleaningr of the injector, 
or pump, a cock should be placed be- 
tween the boiler and the feeding 
mechanism, and the latter periodically 
examined and cleaned when necessary. 

Advantaares of Saperheatlnar- 

The question of superheating the 
steam after it leaves the boiler and 
before it enters the engine, may be 
summarized in the following advan- 
tages to be derived from a superheat- 
ing system: (1) It produces dry steam 
and delivers it in a dry state at a 
much greater distance than is other- 
wise possible. (2) It increases volume 
of steam, due to higher temperature. 
(3) It gives better use of steam in 
engine cylinder, less loss by condensa- 
tion; hence, more efficiency to the 
whole plant. (4) It lessens strains on 
boiler. (5) Smaller metal heating 
surface per h. p. is required. Where 
superheated steam is employed the 
pipes for conveying it should be of 
cast iron or steel (brass and similar 
metals being deteriorated by the super- 
heated steam). Special lubricants are 
required on account of high temper- 
ature. 

Superheated steam supplied to dryers 
affords a simple means of ensuring 
the dryness of the steam at the place 
where it is used. 

Before starting a boiler, it should 
be examined to see that it is in perfect 
working condition. The pipes should 
be particularly examined and cleared 
if necessary, and any grease on inside 
of boiler should be removed. The 
boiler should then be filled with water 
to bottom of water gage, but not so 
high as in regular use,, so as to allow 
for expansion of water when heated. 
■ It is also advisable to open safety 
valve, when starting, to avoid ac- 
cidents. In starting, a closed boiler 
should not be heated, as air will ex- 
pand but cannot escape and may cause 
damage. Nor should the boiler be 
connected to steam main to which 
other boilers are connected until pres- 
sure in the newly-started boiler equals 
the pressure in the main; otherwise, 
a "hackwork" of steam will result. 
The boiler should not be heated too 
rapidly at first, since the metal re- 
quires time to "seat itself" properly. 

Secnrlng Complete Combastlon. 

In firing a boiler, the general con- 
ditions are such as will secure perfect 
combustion of the fuel. To accomplish 
this, the fuel must not be placed so 
thick on the bars that air cannot 
pass thru them, while at the same 
time no part of the grate area must 
remain uncovered. To insure that the 
gas produced from the coal 'will be 
properly consumed. It is best to stoke 
in small quantities of fuel at a time, 
and on alternate sides of the grsite, 
the fresh coal being put in front and 
gradually pushed forward as it be- 
comes coked. The stoking should 
always be done when the fire is burn- 
ing well, not when the' chimney is 
smoking. Keeping furnace doors shut 
as much as possible will prevent cold 
air getting to the boilers. When about 
to clean out scar, or clinker, one side 
of fire should be well charged and the 
other allowed to die almost out; the 
clinker may then be taken from this 
side with comparatively little loss of 
combustible matter; otherwise, an ex- 
amination of the ashes will show that 
they contain a large proportion of 
only partly burnt coal. 

It is best to keep a self-registering 
record of the draft or temperature of 
the boiler flues, as well as a close watch 
on amount of coal burnt per hour. A 
deficient draft may be due to too 



narrow or too wide a chimney, to 
stoppage in the flues, to leaks in the 
brickwork or in the damper, or to 
boiler door being left open. (See also 
auxiliary equipment described under 
their various heads.) 

MANUFACTURER OF EQUIP- 
MENT: 
Canton Grate Co. 

60 — BOILER IBTSULATIOX. — ^The in- 
sulation of a boiler is generally ac- 
complished by means of magnesia. 
This refers to the insulation on top 
of the boiler. (See also Furnace In- 
sulation.) 

Magnesia Is sold in several forms. 
For covering the straight steam pipe 
it is sold in sections already to place 
around the pipe and clamp into place 
with thin flat bands of iron. It is also 
sold in plastic form for insulating 
the Joints, valves, and other odd places. 
It also comes in brick form, for use 
where that is preferable. The amount 
of fuel saved, thru the fact that this 
insulation reduces the condensation of 
steam, is quite large and pays very 
good returns on the cost. The top of 
the boiler is usually covered with one 
row of brick and plastic magnesia 
spread over the top and into the Joints. 
This insulates the boiler against loss 
of heat to a great extent. Kieselguhr 
of a good grrade in the form of paste 
or brick is also a very good insulator. 
(See also Brick, insulating.) 

MANUFACTURER (see catalog sec- 
tion): 
Celite Products Co. 

61 — BOILER REPAIR TOOLS. — It is 

always necessary to repair boilers 
from time to time. The flues or tubes 
are the parts that require the most 
attention. For cutting out a flue that 
leaks, chisels are usually used, but an 
oxy-acetylene blow torch or a special 
tool made for that purpose only, is 
more satisfactory. For putting in a 
flue, an expander is necessary to in- 
sure a water-tight connection between 
the flue and the head or crown sheet. 
Copper ferrules are often inserted be- 
tween these surfaces to facilitate ob- 
taining the proper connection or joint. 
Since the expander enlarges the end 
of the tube slightly, it is good practice 
to soften the end of the flue before 
placing it in the boiler. This is done 
by heating the end to a dull red heat 
and allowing it to cool slowly. A 
header is another tool used to turn 
or roll the short piece of the tube 
which extends beyond the sheet. This 
protects the contact or connection be- 
tween the tube and the sheet from any 
deteriorating influence of the gases of 
combustion. 

62 — BOILER TUBES.— All boilers 
contain tubes, which are fastened to the 
heads or crown sheets. In water tube 
boilers the tubes contain the water and 
the fuel gases circulate around the 
tubes. In tubular boilers the opposite Is 
the case, that is, the fuel gases pass 
thru the flues and the water surrounds 
the flues. Flues are used in order to in- 
crease the area of the boiler surface 
that can be heated to produce steam, 
which of course increases the capacity 
of the boiler. Boiler tubes are made of 
wrought iron or steel, and there is 
usually a question as to which is the 
better. Practically all tubes are lap 
welded, and the ends are tempered by 
being heated to a dull red heat and 
then cooled slowly. This process 
softens the ends so that they can be 
expanded in place next to the heads 
of crown sheet without any danger of 
cracking. Very often tubes that are 
taken out of a boiler of, say, 18 feet, 
if not too incrusted, are cut off and 
sold or used in a boiler of, say, 16 foot 
length. In other cases both ends are 
cut from a boiler after removal and 
a new short length welded on, to make 
a new tube of the original length. 
The weld in a case of this kind is 
flattened to such an extent that it 
will slip into place thru the sheet 
without any trouble, and also will not 
interfere with the passage of the reg- 
ular flue scraper or cleaner. 

63 — BONDING POWER.— This is 

commonly defined as the ability of 
clays to stand the addition of non- 
plastic matter In other words, the 
clays which will stand the addition 
of the largehf o mount of sand or other 
inert substaw and whose strength 
is least lm»^*^Ce, »** this addition, are 
said to Po^^lred P^ greatest bonding 
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This property is therefore tested by 
determining the relative strengths of 
different clays when mixed with vary- 
ing proportions of sand. 

Bonding power is thought to have 
a definite relation to the plasticity of 
clay, it being known that clays which 
are highly plastic usually suffer the 
least diminution of strength when 
mixed with non-plastic matter. 

A knowledge of the bonding power 
of clays is of practical value as a 
guide to making correct mixtures 
wherever, in the process of clay ware 
manufacture, it is necessary to mix 
two or more clays together or to mix 
an inert material with a plastic clay. 

64 — BONE CHINA.— The typical vit- 
reous product of England, character- 
ized by its beautiful texture and adapt- 
ability to rich decoration (also see 
Chinaware and the several items under 
Porcelain.) 

The limits of composition given for 
bone china are: 30-50% of bone ash, 
20-30% of china clay, and 20-36% of 
Cornwall stone; also 30-42% bone ash, 
15-20% feldspar, 33-36% china clay, 
and 10-14% flint. Too much clay in 
the composition causes high shrinkage. 
Cornish stone is used in nearly all 
the early bone chinas, since it pro- 
duces less shrinkage than feldspar or 
clay. Bone china is glazed with a 
lead boron glaze, most of which Is 
fritted and burned to about cone 1. 

6S — BOOKKEEPING SYSTEM S. — 

Many improvements and short cuts 
have been made in bookkeeping. The 
small plant in most cases still uses 
the simple method of day book or 
Journal and ledger, each bound in one 
book. The increased business of the 
larger plants have led them to adopt 
the newer idea of loose leaf books, 
so that only the pages that are in 
actual use are necessary. Further in- 
creased business and the introduction 
of cost accounting as a part of the 
bookkeeping system led again to the 
use of control accounts, which are 
subdivided in smaller books, but which 
represent certain condensed items in 
the general set of books. Machine 
bookkeeping, in which the entries are 
made on loose leaf sheets, by means 
of a typewriter, instead of by hand 
has also found much favor with com- 
panies that have a large amount of 
detail. 

BOOT, ELEVATOR, see Elevator 
boot. 

66 — BOOTS, RUBBER AND FELT. — 

The nature of the business requires 
that practically every clayworking 
plant has outdoor work, and this is 
especially true where the pit or shale 
bank is in the open. Even when the 
raw material is mined, very few mines 
are dry enough to obviate the use of 
boots. Many companies pay the men 
employed in places where boots are 
needed the same rate as other men and 
supply the boots when necessary. In 
the kiln yard the lack of boots often 
curtails the setting or emptying out- 
put. Boots are generally made in two 
shapes, rubber for water and snow 
during warm or medium weather, and 
felt for the same condition during cold 
weather. A rubber overshoe forms a 
part of the felt boot. In addition rub- 
ber overshoes or arctics are very serv- 
iceable where the height of the snow 
or water is not more than two or three 
inches. 

MANUFACTURER (see catalog sec- 
tion): 
U. S. Rubber Co. 
BRICK, BAUXITE, see Bauxite. 
67— BRICK, BUILDING.— A classifi- 
cation which includes common and face 
brick, in fact any brick that is used 
in the walls and partitions of a build- 
ing, except that fancy or enameled 
brick are not included. 

BRICK, CHROME, see Chrome. 

BRICK, COMMON, see common brick 
clays under the classification, Clays. 

68 — BRICK, ENAMELED. — These are 
brick made with one or two faces 
covered by an enamel, which is really 
a glaze or glass. Low grade fire clay 
has been found to make the best body 
and the brick must be almost perfect, 
and free from cracks before the enamel 
is applied. Only in a few cases has it 
been found possible to make the 
enameled brick in one burning opera- 
tion. In the very large majority of 
cases the brick are made and burned 
first Just the same as a high grade 
face brick, very special care to prevent 
any weaknesses being necessary. After 
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the brick have been made and burned 
the first time, they are dipped in the 
erlaze and reset and burned the second 
time, this usually beins done in 
sagrsrers or muffles to prevent the flame 
from injuringr the enamel. The enamel 
must have the same rate of expansion 
and contraction as the body of the 
brick if it is to adhere thereto. 
Knameled brick are used for interior 
and exterior facings and decorative 
effects. 

G»— BRICK. FACES AND FANCY.— 

In order to produce artistic architec- 
tural effects many manufacturers pay 
particular attention to the color and 
appearance of at least one face or 
surface of the brick which they pro- 
duce. These brick are called fiace 
brick because they are used to lay 
up the outside or face of a wall in the 
front or exposed portion of a building'. 
Fancy brick are more elaborate in 
shape and texture as they are used 
for decorative effects such as for 
mantels. Face brick are made by soft 
mud. stiff mud, and dry press methods. 
By the selection of clays and care in 
burniner many beautiful effects are 
produced. 

Face brick are also frequently re- 
ferred to as front brick and pressed 
brick. The latter term is quite popu- 
lar among the laymen and is an ex- 
pression handed down from the time 
when nearly all face brick were manu- 
factured according to the dry press 
process. In recent years, however, the 
stiff mud process has supplanted the 
other process, but the name "pressed 
brick" still persists. 

BRICK* FIRBf see Fire brick. 

70 — ^BRICK HANDLING MACHIN- 
ERY. — This item refers to all equip- 
ment used in handling or conveying 
finished or burned brick (see Carriers, 
gravity; Conveyor, belt; Truck, in- 
dustrial; Conveyor, portable; Crane; 
Gloves. Loading Machine, etc.). Brick 
are also handled by clamps or hand- 
carriers, which hold from six to ten 
brick, and are equipped with a handle 
for easy carrying:. (See also Car 
loaders). 

MANUFACTURERS (see catalog sec- 
tion): 
American Dressier Tunnel Kilns, Inc. 
American Equipment Co. 
Freese, E. M. & Co. 
Hadfield-Penfleld Steel Co. 
International Clay Machinery Co. 
Link-Belt Company. 
Steele, J. C. & Sons. 

MANUFACTURER'S ANNOUNCE- 
MENT: 

The American Equipment Company, 
1619 Conway Buildlnff, Chicago, 
Illinois. Patented labor saving 
machines for setting: brick in the 
kiln, for loading burned brick 
direct from the kiln, for hacking 
brick — in fact patented mechan- 
ical equipment complete for both 
stiff mud and soft mud brick 
yards, reducing labor to a min- 
imum. 

BRICK, HOLLOW, see Hollow block 
and brick. 

71 — BRICK, INSULATING.— Insulat- 
ing brick are made of materials that 
Impede the passage and radiation of 
heat. There are various forms of in- 
sulating brick made of infusorial 
earth, Sil-O-Cel, magnesia, cork, as- 
bestos, fire clay and various combina- 
tions of these and other materials. 
In the clay plant, insulating brick 
are used around boiler settings and 
kiln walls and crowns. Their function 
is to prevent the loss of heat thru 
radiation, which in clay plants is tre- 
mendous. (See tables for insulation 
values in statistical section.) 

MANUFACTURER (see catalog sec- 
tion): 
Celite Products Co. 

BRICK MACHINE, DRY-PRESS, see 

Dry-press brick machine. 

BRICK MACHINE OIL, see Lubri- 
cating oil and grease. 

BRICK MACHINE, SOFT-MUD, see 
Soft-mud brick machine. 

BRICK MACHINE, STIFF-MUD, see 
Stiff-mud brick machinery. 

BRICK, MAGNESITE, see Dolomite 
and magnesite. 

BRICK MANUFACTURE, HISTORY 

OF, see Ceramics, history of. 

72 — BRICK, PAVING.— Those brick 
that are made for surfacing a road, 
street, hi^rhway or any place where 
there is a large amount of hauling. 



They must withstand the wear and 
tear of wagon, truck, wheelbarrow and 
automobile wheels, and of the shoes 
of horses. One of the tests of paving 
brick is that characterized as the 
rattler test. A definite number of brick 
to be tested is put into a barrel-like 
arrangement of metal which contains 
a number of hard steel balls. The 
brick are weighed before starting and 
then the barrel is rotated for a definite 
length of time. The percentage of loss 
determines whether or not the paving 
will make a good showing- in ordinary 
work. The loss in weig-ht is deter- 
mined by the rattler loss and seldom 
exceeds 22%. 

All up-to-date plants use paving 
brick to pave under coal or clay bins 
and especially around the kilns. It 
always was advisable to pave around 
the kilns and all of the roads traversed 
by the carts and wagons in the daily 
routine of hauling* coal and ashes, but 
it is more necessary than ever since 
the introduction and use of auto 
trucks. 

Paving brick are made from clays 
of good grade, usually a shale or fire 
clay. Clays for paving brick manu- 
facture should possess fair plasticity, 
because they are generally made by 
the stiff mud process. They should 
form a dense product and the silica 
contained should not exceed 70% since 
this causes brittleness in the product. 
The brick should have good tensile 
strength, and should not absorb more 
than 3% of its weight in water. Pav- 
ing* brick clays should mature between 
cones 02 and 8, the average clay matur- 
ing at cone 2. 

The vitrification range should be 
fairly long and a range not less than 
250 deg. F. should exist between the 
points of incipient vitrification and 
viscous fusion. 

78— BRICK, PRESSED. — A term. used 
to designate face brick. It is in use 
because all of the face brick were 
formerly made on machines like the 
hydraulic press and dry press. (See 
also Brick, face and fancy, and the 
description of pressed brick clays 
under the classification, Clay). 

BRICK, REFRACTORY, see Bauxite, 
Chrome, Fire brick. Silica brick. Dolo- 
mite and magnesite, Siloxicon, Zirconia. 

BRICK, SAND LIME, see Sand, lime 
brick machinery. 

BRICK SETTING MACHINE, ME- 
CHANICAL, see Setting machine. 

BRICK, SILICA, see Silica brick. 

BRICK, SILICON-CARBIDE, see 

Carborundum. 

BRICK, ZIRCONIUM, see Zirconia. 

BRIDGE, see Die, factors of opera- 
tion. 

74— BRISTOL GLAZE is a term ap- 
plied to a glaze used on stoneware. 
The glaze is applied to the unburned 
ware, and the body and glaze matured 
together at one fire. These grlazes 
are opaque, clear or colored, glossy 
or matt. The true bristol glaze con- 
tains no lead oxide but -in its place is 
zinc oxide, potash, lime, alumina or 
silica. Sometimes magnesia or barium 
oxide are used but rarely strontium 
oxide. Sodium oxide may be intro- 
duced by a feldspar and tin oxide is 
often used to increase the opacity. 

Bristol glaze was originally a lead 
glaze used in Bristol, England. This 
glaze has practically displaced slip 
glazes on stoneware bodies. It is used 
frequently for enamel brick and terra 
cotta. 

76— B. T. U. — Abbreviation for British 
thermal unit. A B. t. u. is the quantity 
of heat required to raise the temper- 
ature of one lb. of water one deg. F.; 
for example, from 63 to 64 deg. F. 
(See Coal, heat value of.) 

76 — B U C K E T, AERIAL. — Aerial 
tramways which are used to transport 
materials from one point to another 
are usually equipped with buckets. 
They act as receptacles for the ma- 
terials, and are suspended from wheels 
or rollers running upon a trolley or 
track. Monorail systems within the 
plant are usually also equipped with 
buckets suspended from wheels. These 
buckets are of wood or steel and vary 
in size according to their usage. 

MANUFACTURER (see catalog sec- 
tion): 
Link-Belt Company. 

77 — BUCKETS, ELEVATOR. — Ele- 
vator buckets are attachments that 
are fastened to an elevator chain or 
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elevator belt in order to elevate and 
transport clay that has no large lumps 
in it from one point to another. The 
most common use is to elevate ^rround 
clay that has gone thru a dry pan or 
other crushing machine to the screens 
or storage bin. The minimum size of 
opening is usually about 4 by 12 ins. 
They are made of heavy sheet steel, 
some being pressed from one piece 
and others made from several pieces 
riveted together. Elevator bolts are 
used to fasten elevator buckets to an 
elevator belt and standard machine 
bolts to fasten them to a chain ele- 
vator. 

MANUFACTURERS (see catalog sec- 
tion): 

Bonnot Co. 

Freese, E. M. & Co. 

Green, L. P. 

International Clay Machinery Co. 

Link-Belt Company. 

Stevenson Co. 

Toronto Foundry & Machine Co. 

Webster Mfg. Co. 

Weller Manufacturing Co. 

BUILDING BLOCK, HOLLOIV, see 

Hollow block and brick. 

BUILDING MATERIALS, see Sup- 
plies for building construction. 

BURNER, OIL AND GAS, see Gas 

burner and Oil burner. 

77A — BURNING BEHAVIOR, TEST 
FOR. — In order to determine the be- 
havior of a clay in firing, the follow- 
ing data must be obtained. 

a. Progressive change in porosity 

b. Prog-ressive change in volume. 

Knowledge of the following proper- 
ties will always be useful checking, in 
a measure, the accuracy of the above 
determinations: Changes in 

c. Color 

d. Hardness 

e. Absorption 

f. Mechanical strength 

g. Apparent specific gravity 

The clay shall be prepared and the 
test pieces formed as defined in the 
Method for Drying Shrinkage, articles 
1, 2 and 3. They shall then be dried 
and the dry volume determined as de- 
fined in articles 6 and 6 of the same 
method. 

The test pieces shall be placed in a 
refractory muffle or sagger as thin- 
walled as possible, which is set in the 
test kiln. The test pieces shall not 
be stacked together too compactly. 
The test kiln shall be of such size 
that the effective space available is 
not less than 1% cubic feet. The heat- 
ing may be accomplished by any con- 
venient means but the temperature 
distribution should be thoroly ex- 
plored during the first few firings. A 
set of pyrometric cones of the Seger 
formulae as made by Professor Edward 
Orton, Jr., shall be placed as closely to 
the stacked up test pieces as possible, 
but temperature control by means or 
a platinum-platinum-rhodium thermo- 
couple is required also. The tempera- 
ture therefore shall be reported in 
terms of cones and the pyrometric 
readings, in which correction has been 
made for the cold Junction tempera- 
ture. 

The range of cones used shall cover 
the firing range of the clay, which 
must be judged by the operator. Gen- 
erally, the cones to be placed in the 
kiln are 014 to 3 for impure, common 
brick clays; 012 V^ to 6 for shales and 
the better types of ferruginous clay; 
and 02 to 15 for clays of the fire clay 
type. . Oxidizing conditions must be 
maintained during firing. 

The heating shall preferably be at 
the rate of 45 deg. C. per hour from 
the start of the firing until a heat 
treatment is reached, corresponding to 
the softening- point of the third con- 
secutive cone below that at which the 
first trial is to be drawn; and 20 deg. 
C. per hour from that point until the 
end of the firing. In no case shall the 
rate of heating be greater than 60 deg. 
C. per hour nor less than 30 deg. C. 
per hour for the first period, or great- 
er than 25 deg. C. per hour nor less 
than 15 deg. C. per hour for the last 
period. 

According to the nature of the clay, 
test pipces are first drawn at cone 010 
for impure, common brick clays; cone 
08 for shales and the better grades of 
ferruginous clay; cone 2 for clays of 
the fire clay type. A test piece is then 
drawn from the kiln at each interval 
of two cones, and immediately before 
drawing the temperature indicated by 
the pyrometer shall be recorded. The 
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removal of the test piece from the kiln 
shall be done as quickly as possible to 
avoid cooling down the kiln too much. 



at a dark red h 
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-^ with pyromel 

lones, especially for testing porpol 
rials have demonstrated .that the 
If cones minimizes the variations 
ween one flrlriK and another due 
illBht dirterei "- — 
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When cool enough to handle, tha test 
pieces shall be placed In a desiccator 
containing concentrated sulphuric acid 
until they have cooled to room temper- 
ature. They shall then be carefully 
Inspected and any adhering particles 
of sand or other material, picked up 
during tiring, carefully removed. They 
shall then be weighed on a balance to 

The weighed test pieces shall be 
placed In distilled water In a suitable 
vessel and boiled for i houra, then al- 
lowed to cool to room temperature, 
while still Immersed In water. During 
boiling, the test pieces shall not be 
In contact with the heated bottom of 



, -„.l be dried ifghtly with 

a damp towel to remove the eiceaa wa- 
ter and weighed In air to an accuracy 

T8 — BURNIKO, DEHYDRATIOIT 
PERIOD OF. — Following the water- 
smoking interval, the klfn temperature 
should be raised to the dehydration 
stage of the burn, as It Is during this 
stage that the chemically combined 
water Is driven out of the ware. Tha 
chemical water la the water that la 
Intimately combined with the clay and 
la part of the clay molecule. 

The general tendency of the kiln to 
stick at this temperature Is due to 
the fact Chat the beat Is being ab- 
sorbed for drawing out the water from 
the ware. Altho more heat Is con- 
stantly being added at this point, the 
temperature does not rise very fast 
because the clay la taking that h«at 
to separate from It the molecules of 
water to which It Is attached chem- 
ically. 

Also, It Is during the dehydration 
period that the olay will absorb acids 
more readily than raw clay does. A 
dehydrated clay mixed with lime will 
Bet like cement. Usually, no particular 
attention need be paid to the kiln at 
this temperature, but the burning can 
be speeded up. Dehydration really 
starts about 459 deg. C. (8+2 deg. F.) 
and Is practically complete at TOO deg. 
C. (IZSa deg. F.) that Is, It begins at 
a dull red heat and la completed at a 
bright red heat. Oxidation Is generally 
carried on at the same time aa the 
finish of the dehydration. 

MANUPACTURBHS OF INSTRU- 
MENTS (see catalog section): 
Brown Inatrument Co. 
Engelhard. Chaa.. Inc. 
Hadfleld-Penfleld Steel Co. 

78 — BURNING, FACTTORil IMPOR- 
TANT TO. — Clay products are InBuenced 



■nlng. 



, by ' 



.rlatlor 



of I 



of the clay, ... 

example, the Iron content, and, second, 
by the treatment of the clay. Iron 
affects clay products In various ways, 
depending upon (1) variation of the 
amount of Iron content, (2) variation 
of the size of grain. <3) variation of 
the mlneraloglcal form of the Iron, 
and (4) the Influence of the metals 
accompanying the Iron In the clay. 

"White burning clays contain from 
.01 to 1.0% of Iron. Red burning 

of Iron. Iron may be present In the 
form of ferric hydroxide, which form 
It takes In oxidation. Limestones are 
low In Iron. The red color of clays la 
not proportional to the Iron content. 
as 4 or G% of Iron may produce the 
same color as T or 8%. In buS clays 
It Is thought that the color Is due to 
the ctiemlcal Influences of other ele- 



whose tin en ess exceeds all forms of 

luiar "forms In which the grains 

The precipitated form of tha Iron Is 
necessary to the development of either 
the buff or red color. The addition of 
red slip to buti slip gives salmon or 
desh color. Concretionary or granular 
Iron produces apeckles. Ferric oxide, 
ferrous carbonate and ferrous hy- 
droxide, are the most Important forma 
Dt Iron found in clay. Ferrous hy- 
droxide predominates In surface and 






:lay Is i: 
'e. hard 



Ferr 



I the 



1 clays and 
Fire olaya and 



pyrites. Iron pyrite la found In 
cummon old rocka and la easily formed 
and eaally decompoaed again. Oxida- 
tion even at common temperatures 
easily converts It Into the aulpbate. 
Sulphates are readily changed by or- 
ganic matter to aulphldes. Good reds 



Witt e. 






gather In a concretionary 
(2) the great difference In 
"""■"" ~ " minerals requli 



burning. 

contain their Iron In 

sulphide form. The ei 

r less oxidized by 



characteristically 



cla] 



lather- 



ing, and In .... 

likely to become ferric 

All forms of Iron gather In con- 
cretions or cryatallizs. It being almply 
a question of degree. FeiOi and ferric 
hydroxide are least prone to do this. 
Ferric concretions In clays generally 
represent reoxldlzed concretions of the 
carbonate. 

Iron carbonate seems to exist In the 

equally abundant. In dealing with 



f In which 1 



a flnai 



Indlni 



sary If specks are detrimental to the 
ware. Lumps of Iron in the clay pro- 
duce black specks. Iron pyrite Is In- 
variably found In granular form either 
large or small, but never small enough- 
to give red color; It always producea 

Soger classified buff burning olays 
In two groups: (I) Those of suoh high 
Iron content as to burn red normally, 
but which are sufficiently calcareous to 
enable the lime to destroy the red Iron 
color and form a yellow compound of 
Iron and lime: and (2) tboae low In 
Iron and high In alumina, which would 
— " lally burn pale ■ ■ - • 

minerals give trouble i_ ._ 

duclng agents, such as S, C. etc. They 
prevent Iron from being oxidized, altho 
In themselves they do not affect the 
color. Sulphur is generally always 

From 3 lo G% of bituminous matter. 
or one-sixth to one-third enough fuel 
to burn olay. Is often Present In clay. 
Part of this Is volatile and burna with 
Intense heat when subjected to burn- 
ing temperature. A remedy la to close 



In red clays vltrltlcatlon usually bs- 
gins at about 900 deg. C. (I6G2 deg. P.), 
there being Ave different stages of 
vitrification: (I) condensation of clay; 
(2) incipient vitrification; (3) com- 
plete vitrification; (1) viscous vitrifica- 
tion; (E) fusion. 

The iron phenomena at complete 
vltrlflcatlon are: (1) the development 
of the normal ferric Iron color, red or 
buff; (2) the development of normal 
ferrous color by reduction; (3) the 
development of abnormal black cores 
by faulty oxidation; (4> the blue-aton- 



i by 1 



by 



on; (5) reoxidatlon or flaahlng. 

Evidence tends to prove that red 
color la due to free Iron and, as vltrlfl- 
catlon becomes more perfect, the color 
darkens to bro^^ or black. The ma- 
turing temperature, or period at which 
the change of c",.- takes place, varies 
from Cone 1 {ai -tich polnt clay mass 
contains only*! W'!''?", substance) up 
to Cone 9 In ?t)^ ,$. sandy claya. In 
other words, ?i Igli'LgiorlnB tempera- 



ture depends on the composition of the 
clay. 

Soft fluxes, such as lead or alkallaa, 
' '1 promote silicate formation tend 

..__ ._._ -ombinatlon and 

of ferrlo oxide. 

or Its red color may be due to ferrlo 
silicate which forms black ferroua s~" 
cate at a certain temperatuc 
toning la thought r ' " '' 



to bring Iron 



Blue- 

__ „__ __ __ ____ partial 

change of FeiOi to ferrous silicate. 
Flashing Is produced by alternate re- 
duction and oxidation. Quick cooling 
leaves Iron In ferrous condition. Car- 
bon lefi In the pores leaves defects 
I FeiOi to FeO, causing 

atlon In 

Kilns: also see additional Items under 
Burning.) 

MANUFACTURERS OF INSTRU- 



locallzed heat. 
A large amount of the transfer of 
heat from fuel to clay ware Is accom- 
plished by radiation. The radiation of 



E = K (T; — T'), In which 
E = energy (heat); k^constant which 
varies with each material; Ti= tem- 
perature of the hot surface or body; 
and T = temperature of cold surface or 

Radiation Is one of the most power- 
ful factors of transferring heat, and 
Is very Important In the burning Of 
clay ware. Radiation takes place In a 
straight Una from a wall, mulfie, fur- 
nace, ato. 



lag Ike VarlatlOBB bl 



mlttlng heat {by t-- 
int the creation and 

etc.. by means of which beat may be 
convoyed to any portion of the kiln). 
Heat can be conveyed In an Indirect 
of firing. By Introducing 



vectlon 



e diss 



I Into 



ted Int 






very Important In burning, since It Is 
Impossible to heat ware up any faster 
than It la able to absorb the heaL 
The amount of surface axposed par 
unit weight of ware la also Important. 
The greater the area of the surface 
exposed the better the opportunity for 
taking up heat from the surroundings. 



Burning 



OLAT FBODUCTS CTCLOFEDU 



Burning 



By-productB ga* could b« ua«d In 
bnrnlnE clay produotH, and blue gam 
mar also ba uaad with aatia fact Ion. 

It 1> a waste o( tima and fuel to 
follon tha procedure o( uneven flrlngr, 
»uch aa once an hour, A curve ■bow- 
ing' the percentagre of COi Kaaea durlDK 
tho burn would reveal a wavy curve 
ahowlDK alternating; high and low per- 
centages of carbon dioxide dee FIK' D- 
The area formed by the loop showlnE 
low percentages of COt (the shaded 
portions) represents losses and a. wastu 
ot fuel. If hand-flrlnK could be prop- 
erly handled It would tie the most eco- 
nomloal method of burnlns. In the 
case where a producer gas la used, 
there Is a IG% loss at the very begln- 

Bveii with this loss, 
steady flow of heat from me gases 
mfikes the gas producer more econom- 
ical. 

The losses due to black imoke IssulnK 
forth from stacks of kilns a,ra not 
nearly so great as In the Invisible 
conditions where ...-_ 



sensible heaL 
low ever, the 



100-1- *.T6 percentage of O. 
the minus sign being generally used. 
The constant 4.7B = the amount of air 
for every per cent, ot oiygen. 
Fswdrred Cf»l ■ Posslbllltr. 

Blelnlnger thinks that powdered coal 
can be used for the burning of common 
briok. and that eventually the use of 
thia fuel will become roor" wi,ia.r,i-Bail. 
He also believes there 1 
furnace that will 



g widespread. 
, -J room for a 
iurii>uD i"-^ ^--.trol the air sup- 
ply, and that the *Vo?"" Sal'SSlni 



I In rotating oalclnlng 

'"in°'hand-nrlng, caro must be taken 
not to have too heavy a fuel bed on 
the furnace grates, since this gives 
too much friction to the gases pass- 
ing tbru the furnace. On the other 
hand, ir the velocity of the gases Is 
too fast, soma of the gases will go out 
ot the stack before combustion takes 
place, thus Involving a loss of heat 
energy and waate of fuel. There must 
not be too much draft at the end of 
the firing, and It la always advl^blo 



the draft. 



a Instru 



. U-t 



i keep track of 
I be I--* ^- 



the Hue and readings taken 



Thus, three important points t- -_ 
serve In burning (rather, to be observed 
In the control of the burning stages) 
are draft, temperature and composition 
ot flue gases. 

Use a IT -in. pressure (water) on 
natural gas heating tor best result* 
when that fue! Is uaed. 

The damper cannot solve the whole 
problem of burning: the setting must 
also be Tight. Damper control la of 
no avail It the resistance of the ware 
to the gases Is not proper at the 
bottom of the kiln. 
DegBlllOB of Draft. 



Bed by s 



a for 



? lot' . 



li as a blower. 



A damper Is effective within certain 
llmlta, but Is not a first and last resort. 
With too little draft the heat Input 
Is less and the kiln may be losing 
heat. 

Wave burning has been tound t- >■- 



valui 



r win tell the draft that 



draft gage and pyrometer should be 
used Jointly. 

Forced draft simply gives a greater 
pressure In the kiln and not ao much 
a greater volume of gases. Rapid 
burning is obtaln&ble with forced 
draft. 

Draft varies as the square root of 
the height ot a kiln stack^ The ^Hmlt 



.„ _ stack tor kllnL __ _.. . 

A certain temperature (about !T3 deg. 



r 623.4 deg. F. above t 



,4 deg. I. 

ire) Is the maximum draft 
point. Above this temperature the 
draft does not Increase. 

In a pottery kiln, only Ave lbs. of fuel 
of every 100 Ibe. are actually used 



fired ware. 
Insulating material increases the 

In finishing the firing of a kiln. 
cones or draw trials should be used, 
since a pyrometer leaves out a very 
Important part of the burning; namely, 
that of time. 

Theoretically, It Is possible to burn 
any clay In it hours. 

MANUFACTURERS OF INSTRU- 
MENTS (see catalog eectloa); 
Brown Instrument Co. 
Engelhard, Chaa., Inc. 
Hadfleld-Penfleld Steel Co. 
81— BURiriirG, OXIDATION PERIOD 
OP. — Nearly all clays contain carbon. 
organic materials and pyrites. The 
organic materials are usually roots, 
tarry matter, bituminous matteT, an- 
thracite materials, and graphitic mat- 



- . -. J a higher tempe. 

ature. During this period, the follow- 
ing changes take place: (1) the oxida- 
tion or burning off ot combustible mat- 
ter; (2) the expulsion of the remaining 
sulphur from pyrites; (S) the driving 



To aooompllsh oxidation ot clay, two 
things are very necessary; (1) the 
temperature must be held for the time 
being; (S) plenty of air Is required 
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The object of the oxidation period 
Is to burn out the carbon at the mini- 
mum temperature with an ample sup- 
ply of air. Smoky air does not oxidize. 
Some seem to think that temperature 
Is the only criterion during the oxida- 
tion period, but plenty of air Is also 
very essential. 

Iron sulphite Is broken up and the 
sulphur goes out of the kiln as sul- 
phur dioxide gas. Ferrous carbonate 
Is also broken up and the carbon 
passes out ot the kiln aa carbon 
dioxide. Tho reaction lor this is Fe 
COi-Hheat = FeO-|-CQ, and 2FeO-fO = 
FeiOi. Thus, during the psriod ot 
oxidation all ot the carbon is burned 
out and the Iron is oxidized to ferric 
oxide. Ferrous oxide Is a very active 
flux and brings about vitrification 
before the ware Is really ready for 
It; hence. It must be changed Into 
the ferric form which slows up the 



erlod of bui 
One very Important Item in oxidation 
Is the necessity of having the furnace 
grates clean. In order to tell when a 
kiln Is completely oxidized, small test 
pieces, which must correspond to the 
size of the pieces of ware that are 
being burned, are placed at certain 
e kiln. They are then taken 



the 



Int 



If the 

pletely oxidized there will be a black 
or grey core In the center. If the 
ware Is suIHclently oxidized, the crosa 
section of the broken piece will be 
uniform In appearance and color altbo 
It may not have the same color aa 

It Is best not to fire too often during 
the oxidation period, since this raises 
the percentage ot carbon dioxide In the 
kiln, whereas there should be bd ezoeas 



of air at thia stage of bu 
narlly. firing at about 1 
tervals is suBlcIent durln 
tlon period. The COi i 



-- .. should 

show the highest percentage ot carbon 
dioxide In the kiln Immediately after 
such firing, aa Illustrated In the accom- 
panying curve. It Is this period, above 
all other stages In burning, during 
which there should be plenty of air 
In the kiln, since It la by means ot 
the air which combines with the car- 
bon In the ware that the carbon la 
removed In the form of carbon dioxide. 

The clay at the end of the oxidation 
period IH very porous and of low me- 
chanical strength. Also, after oxM>- 

on la completed, the burning < 



of heat, bowe^ 



going on slowly when clay Is ax- 
poseJ to the weather. In this case, 
both FeSi and FeCO. may be changed 



n organic n 






.0 oxide, ,,.. ,.., 

be partly eliminated. 

A porosity of clay materially affects 
the oxidation process. A loose, ooarae- 
gralned clay will permit the necessary 
changes to take place more readily 
than a line -grained, close textured 
clay, as the latter checks or retards 
the entrance of the oxidising gases 
Into the mass. For this reason, grog 
Is sometimes employed to open the 

The periods of oxidation and de- 
hydration somewhat overlap, and dur- 
ing the temperature Interval In which 
they occur there are few. If any, re- 
actions going on between the oI*y 
particles, but as vitrification approaches 
chemical union takes place between 
the different minerals In the clay, and 
ae It goes on Involves an Increasing 
ni.^h,., ^r -1— .„.. ji, t^g reactions. 



t the end o 



the oxlda- 



brlghter . ._ 
tlon period. 

Water-smoking Is rreqaently referred 
to as "blue smoking." (See also Black 
coring, and Carbonaceous matter.) 

MANUFACTURERS OF INSTRU- 
MENTS (see catalog section): 

Brown Instrument Co. 

Engelhard, Chas,, Inc. 

Hadfield-Penfield Steel Co. 
82 — BURNIHQi RBSULTi OP OTHR- 
PXRING. — Overflrlng of the ciay causes 
the production of a spongy structure 
which does not give strength to ths 
mass. This spongy or vesicular struc- 
ture Is due to the fact that the clay 
becomes viscous during everburning, 
and the gases passing thru the viscous 
mass are caught and held there when 
the clay cools. 

MANUFACTURERS OF INSTRU- 
MENTS (see catalog section): 

Brown Instrument Co. 

Engelhard. Chas,, Inc. 

HadHeld-Penfield Steel Co. 
BURNING §YBTBHS (aee all entries 
under Kilns and Kltn accessories, also 
Forced-draft, Orates, Kiln Ore boxes. 
Kiln floor brick and shapes, and Kiln 
experts). 

83 — BURNING. 



considerations In burning, yet Is seldom 
given sufilcient attention. A higher 
temperature in burning when used to 

than when a lower temperature Is uaed. 
Thus, the burner has the choice Ot 
these alternative methods, but hla 
choice will depend, or be affected some- 
what, by the raw material uaed. the 
kind of ware to be burned, and the 
size of the kiln. The question of the 
kind of raw material used Is tbe most 
Important. 



"TIME 

Tlne-T«apeTBlurE Cnrrea tor the Sam 
Clay at DUfcreat Raica of BurnlHS. 



Burning 



CLAT PRODUCTS CYCLOPEDIA 



Calcite 



The more rapid the rate at which the 
ware is fired, the longer the fire must 
be held at the end of the burn (at the 
soaking: period). The slower the rate 
of fire, the less the need of holdlngr the 
fire at the end. It is strongrly advisable 
that every burner should determine 
how loner it takes to complete his burn 
under different speeds and temper- 
atures 

For burning quickly, a safe-burnins 
clay must be had. Some clays abso- 
lutely will not stand up if they are 
subjected to quick burning:. A high 
lime clay might be vitrified if burned 
in small units such as in the tunnel 
kiln. 

A method of determining the time- 
temperature factor in burning is illus- 
trated. Take a certain clay and plot 
time- temperature curves for burning it 
at different speeds and temperatures; 
upon measuring the areas beneath the 
various curves, it will be found they 
are equal in each case for slow and 
fast burning, and for high and low 
temperature, maturing or finishing 
temperatures. The area under the 
curve is the time-temperature treat- 
ment required by that particular clay 
or body to burn it properly. 

MANUFACTURERS OF INSTRU- 
MENTS (see catalog section): 
American Dressier Tunnel Kilns, Inc. 
Brown Instrument Co. 
Engelhard, Chas., Inc. 
Hadfield-Penfield Steel Co. 

84 — BURNING, VITRIFICATION PE- 
RIOD OF. — When the oxidation period 
is over, a contraction in the clay takes 
place. At about 1860 deg. F., a unique 
change occurs during which time heat 
is actually given off from the ware it- 
self. This fact was discovered by Le 
Chatelier. The change is due to the 
breaking down of the clay to a com- 
pound known as sillimanite, or 
AhO>Si02. 

Magnesia oxide will also contract as 
a higher temperature is reached with- 
out fusion or fluxes; this is caused by 
a colloidal contraction. 

As the temperature of the clay is In- 
creased the contraction becomes more 
marked. The earthy mass is thus be- 
ing converted into a rock. The alka- 
lies, lime, MgO, FeO, etc., serve as 
fluxes. They begin to fuse below 
their regular fusion point and a com- 
plex eutectic point is formed. The 
whole mass sums up into a distribu- 
tion of all of these oxides thruout the 
entire clay mass. 

Iron, lime and clay form a complex 
compound. Taey form a matrix which 
softens and thus causes contraction. 
In this condition the clay is subject to 
surface tension. The skin is like rub- 
ber and tends to contract. The fused 
mass has a tendency to form into a 
drop or sphere much like water does. 
There is a tremendous force causing 
this formation into a drop which is 
not usually realized. 

Vitrification is the contraction and 
filling up of the pore space of the clay. 
The surface tension exerts a pressure 
which brings about the contraction of 
the whole mass. 

Vitrification is frequently measured 
by absorption which is simply 



state of vitrification of the clay as is 
the porosity. The formula for deter- 
mining the porosity of a clay or piece 
of ware is — 



X 100 



Wet Wt. — Dry Wt. 



X 100 = % ab- 



I>ry Wt. 
sorption. 

However, absorption is not as ac- 
curate a method of determining the 



Wet wt. in air — dry wt. 

Wet wt. in air — suspended wt. 
= % porosity. 

The clay mass at the vitrification 
point actually expands altho the piece 
of ware shrinks, due to the fact that 
the pore space is gradually being 
eliminated. 

There are two stages of vitrification 
— incipient and complete. 

In incipient vitrification the clay is 
heated up until it is sufficiently soft to 
make the grains stick together, and 
enough to prevent the recognition of 
any except the larger ones; but the 
articles have not softened sufflcienltly 
to close up all the pores of the mass. 

Complete vitrification is caused by a 
further increase of temperature, rang- 
ing from 50 deg. F. to 200 deg. F., or 
even more, during which the soften- 
ing of the grains has progrressed suffi- 
ciently to close up all the pores and 
render the clay mass impervious. 
Clays burned to this condition of com- 
plete vitrification show a smooth frac- 
ture with a slight luster. The attain- 
ment of this condition also represents 
the point of maximum shrinkage. (See 
also Porosity.) 

MANUFACTURERS OF INSTRU- 
MENTS (see catalog section): 
American Dressier Tunnel Kilns, Inc. 
Brown Instrument Co. 
Engelhard, Chas., Inc. 
Hadfield-Penfield Steel Co. 

85 — BURNING, 1¥ATE3R- SMOKING 
PERIOD OF. — Primarily, as this is one 
of the most important intervals of 
burning, the clay goods should always 
be thoroly dry before being set in the 
kiln preparatory to burning. The tem- 
perature of the kiln during the water- 
smoking period should be brought up 
as fast as possible to the boiling point 
of water (212 deg. F.), and a good, 
strong draft maintained. To obtain a 
good strong draft a hot stack is essen- 
tial, and it may be necessary to heat 
the stack up with an auxiliary fire 
built at the bottom of the chimney. 
Artificial draft is desirable, or the 
gases may be by-passed by using a fan 
set, connected with the main stack. 
This scheme has been used with good 
results on some plants. 

Sulphuric acid is also troublesome 
during the water-smoking stage. The 
vapor liberated from the ware nearest 
the hotter portions of the kiln con- 
denses upon the cooler brick in the 
bottom of the kiln as it comes into 
contact with them and this water In 
turn absorbs the sulphur gases result- 
ing from the burning of the coal, so 
that sulphuric acid is formed which 
unites with the calcium or lime in the 
clay to form a compound which is 
called calcium sulphate, but more com- 
monly known as scum. This scum 
spoils the appearance of the ware and 
sometimes makes it unsalable. A 
good draft is mainly needed to elimi- 
nate this difficulty. Also, the use of a 
fuel which contains no sulphuric acid 
will help. A coal which gives 1% of 
sulphur produces considerable sulphur 
gas in the kiln. 

After bringing temperature of kiln 
to 200 deg. F., quickly raise it to 800 
deg. F. and hold. Some clays will 
stand 400 deg. F., but the above tem- 



perature is best in most cases to main- 
tain for a while. Both temperature 
and draft are important at this par- 
ticular stage. 

The temperature of the kiln can be 
shown at this point by a thermocouple 
or water-smoking thermometer; the 
latter is preferable, as it is more sensi- 
tive and a thermocouple may easily be 
off about 60 deg. F. 

A copper-constantan couple is recom- 
mended for use, as it is cheap and sim- 
ple to make up. It can be used on an 
ordinary millivolt meter or recorder, 
but a new table must be provided. 
Porcelain protection tubes should be 
used over the thermocouple. Take the 
thermocouple out of the kiln at 1,600 
to 1,700 deg. F., as this is about the 
limit of temperature the thermocouple 
will stand. 

By sticking a cold Iron or metal rod 
in a flue, it is easy to tell whether 
or not the water-smoking period has 
been completed. If any moisture col- 
lects on the cool rod due to condensa- 
tion, it is evident there is still some 
water vapor in the gases which come 
from the ware in the kiln; but if no 
moisture collects upon the cool rod, 
this indicates there are no water vapor 
gases coming from the kiln, hence all 
of the water in the ware has been 
driven out. Allowance must be made* 
however, when using a rod, for the 
fact that a wet or damp flue or founda- 
tion will cause an error in information 
after the kiln proper is dry. The wa- 
ter-smoking may be thoroly complet- 
ed, but if there is moisture in the flues 
or foundation it will show up on the 
rod, and thus cause a delay in raising 
the heat of the kiln. 

It is imperative that a uniform tem- 
perature exist thruout the kiln at the 
water-smoking period of burning. 

86 — BUSHINGS. — ^A cylindrical piece 
of metal or wood which flts between a 
pulley and a shaft. In the case of a 
tight pulley a bushing is not used very 
frequently; but when the pulley is 
made for a shaft larger than the one 
on which it is being used a bushing 
bridges the gap between the pulley, ana 
the shaft. At times, however, a bush- 
ing is used with a split pulley which 
does not employ a key for fastening 
itself to the shaft, depending rather on 
the clamping effect exerted on the 
bushing. This is the use generally 
made of wooden bushings, partly be- 
cause by the substitution of various 
sizes of bushings a pulley can be used 
on many sizes of shafts. A clutch or 
loose pulley should always be equipped 
with metal bushing. Bronze or bra4BS 
is the most satisfactory material. The 
bushing should be fastened to the pul- 
ley and adequate provision made for 
lubrication between the shaft and the 
bushing. The bushing being softer 
than the shaft receives all of the wear, 
and when worn too much can easily 
be replaced. When a bushing is not 
used the entire pulley must be replaced 
at much greater expense. 

MANUFACTURERS (see catalog sec- 
tion): 

Hadfleld-Penfleld Steel Co. 
Link-Belt Company. 
Toronto Foundry & Machine Co. 
Weller Manufacturing Co. 

BUTTONS, BTC PORCBLAIN, see 

Porcelain, soft, dull feldspathic 



C 



OABIilD CONTBYORSt see Conveyor, 
cable. 

CABLE, STBBIj, see Rope, wire. 

86A.— CALCAREOUS. — ^A term used to 
deslg'siate clay that has a predominat- 
ing Quantity of lime as one of its 
constituents, that is a quantity that 
lias a . marked effect on its behavior, 
tho at times only five or six per cent. 

87-— CALCITB.* — ^Thls mineral com- 
monly known as lime carbonate or 
limestone (CaCOt =: C:aO 66^, CX)a 44%) 
occurs principally in clays of compara- 



tively recent geological age, altho con- 
siderable quantities are found in some 
shales. It is easily detected, being 
easily dissolved in weak acids, and 
effervescing violently when a drop of 
muriatic acid or vinegar is applied to 
it. Calcite is seldom present in grains 
visible to the naked eye, but in some 
clays, as well as some other minerals, 
it may form concretions. A number of 
the lacustrine and glacial clays of Wis- 
consin and Michigan contain large 
quantities of lime carbonate, and some 
of those found in other states are 
highly calcareous* Texas flood-plain 

n 



clays often contain a considerable per- 
centage of lime carbonate. The pres- 
ence of calcite in any clay may be very 
injurious and should be investigated 
thoroly. If the burning is carried only 
far enough to drive off the carbonic 
acid gas, (which may be 900 deg. C, 
1652 deg. F.) the result will be that 
the quicklime thus formed will absorb 
moisture from the air and slake. No 
Injury may result from this if the lime 
is in a flnely divided condition and uni- 
formly distributed thru the ware, but 
if, on the contrary, it is present in the 
form of lumps, the slaking and acoom- 
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panyinir swelling of these lumps may 
split the ware, if the burninflr Is car- 
ried hlgrh enougrh the lime, iron and 
some of the silica and alumina of the 
clay will unite to form a new complex 
compound which will prevent any dan- 
flrer of air slaklnff. The presence of 
lime tends to counteract the dark col- 
or of iron and in the case of shales 
and surface clays will produce a buff 
color in a clay that would otherwise 
burn red. The smallest percentage of 
lime in fire clay reduces its refractori- 
ness considerably. If lime is present 
In sufficient quantity the clay may 
soften very rapidly. Cases are known 
where the points of incipient fusion 
and viscosity were only 41.6 degr. C. 
(75 degr. F.) apart. Clays of this char- 
acter cannot be worked economically. 

Some writers put the allowable limit 
of lime in clays as low as 3%, but, as 
a matter of fact, a ffood building brick 
can be made from a clay containinir 
as much as 20 to 26%, provided it Is in 
a finely divided condition, and a vitri- 
fied ware is not attempted. If, how- 
ever, the quantity of lime contained in 
the clay is in the form of pebbles, much 
damagre may result from bursting of 
the brick, when the lumps of burned 
lime slake by absorbing moisture from 
the air. 

Clays containing: a higrh percentagre 
of lime carbonate are used, especially 
in Michigran, Wisconsin and Illinois, for 
making: common brick, common earth- 
enware, roofing: tile, and some terra 
ootta. 

(See also Calcium carbonate and 
the several items under Burningr*) 

Limestone pebbles In clay are re- 
moved by rolls or washingr. Fine 
grinding: and screening: will remove 
this trouble because the effect is dif- 
fused. 

88— CALCIUM CA&BONATB . — This 
chemical compound is used in the 
manufacture of porcelain. It produces 
rapid vitrification of a body but grlves 
slig:ht trouble from blisters, due to 
COs. It produces some bodies of grood 
streng:th tho rather poor in color. 

The presence of calcium carbonate 
In crude clay is g:enerally a source of 
trouble and loss, if not removed or 
counteracted in- some way. One trou- 
ble from this source is explained under 
Calcite to which the reader is referred. 
In addition in many cases the COs con- 
tained in the calcium carbonate is 
driven off and replaced by SO« from 
compounds in the clay or in the grases 
that result from the combustion of the 
coal. This forms calcium sulphate 
which is the chief cause of scum on 
clay products. 

The addition of carbonate of barium 
to the crude clay is the best preventive 
of scum. (See also Dryer-white; Solu- 
ble salt; Soluble salt, prevention of; 
Barium carbonate; Kiln- white and 
Scum.) • 

•88-lcALCIUM FliUORIDB. — A sub- 
Stance sometimes used in porcelain 
bodies. It has a tendency to cause 
blistering:. Slow heating: and cooling: 
of the ware decreases this trouble. 
(See also Fluorspar.) 

CAP» BLASTING* see Dynamite, and 
Powder, blasting:. 

90— -CAPITAL* — The amount of money 
Invested in a business, that is, the 
amount actually put in as distin- 
gruished from any profits that have 
accrued. Permanent or invested cap- 
ital is the amount actually and perma- 
nently invested in land, buildingrs, 
plant and equipment. Operating: cap- 
ital is that, in addition to the above, 
which is necessary to carry on the 
business in question. Operating^ capi- 
tal is used to pay labor, coal, supply 
and royalty bills, and is returned from 
sales. In accounting: work the item of 
capital on a balance sheet usually is 
the sum of the two amounts described 
above, and that amount is the one 
which is used for flg:urlng: any per- 
centagre of profits. Both permanent or 
invested capital and operating: capital 
may vary from time to time, as more 
money Is put in or taken out or more 
is spent for equipment. It is often 
difficult to distingruish between repairs, 
replacement and capital investment, 
when considering: a certain expendi- 
ture. 

CARBIDE LIGHTING SYSTBM* see 

Lig:hting: system, portable. 

91— CARBONACBOUS MATTER. — 

This text includes all matter of car- 



bonaceous character, most of which Is 
of veg:etable origrin. Few sedimentary 
clays are entirely free from it. Car- 
bonaceous material occurs in day in 
three different forms: 

1. Veg:etable tissue — wood, stems, 
leaves, etc. — in which the form is only 
slig:htly chang:ed; this kind of carbon- 
aceous material is usually found in 
clays of recent orig:ln. Being: org:anic 
matter, and seldom present in amounts 
exceedingr 1%, it rarely affects the 
color of the raw clay and burns out 
easily, causing: but little trouble. 

2. Carbonaceous matter of asphalt 
or bituminous character, which burns 
readily at a low red heat because of 
the hlgrhly combustible g:ases g:iven off 
from it. It is found in some clays and 
many shales, especially those associat- 
ed with coal seams. It may be present 
in shales in variable amounts up to 
10%; where it exceeds this amount the 
shales are not workable. In some in- 
stances, even 6 to 6% causes consider- 
able trouble in burning:. 

3. Hard, or coaly carbon, resem- 
bling: anthracite. This grrade burns 
slowly and gives off few combustible 
g:ases. 

The first of these g:roups causes no 
trouble except when it occurs in the 
form of sticks, thick roots, etc., and 
has to be screened out. 

Concerning: the other grroups, car- 
bonaceous matter often serves as a 
strong: coloring: ag:ent of raw clays. If 
present in small amounts it ting:es 
them gT&y. Larg:er amounts cause a 
black coloration. In fact, this prop- 
erty may be so strong: that it masks 
the effect of other coloring: ag:ents such 
as iron. For example, two clays col- 
ored black may burn red and white 
respectively, because one contained 
much iron and the other none, and yet, 
owing: to their orig:inal black color, 
this could not be definitely foretold. 

Asphaltic carbon, aside from its col- 
oring: action, frequently causes trouble 
in burning:, producing: black cores, or 
even swelling: and fusing: of the brick. 
In addition, It may keep the iron In a 
ferrous condition and prevent the de- 
velopment of the best color effects in 
the ware. This is due to the fact that 
carbon has a strong: affinity for oxy- 
g:en, much strong:er than that of iron, 
and as long: as any carbonaceous mat- 
ter remains, the oxidation of the iron 
is prevented or retarded to a harmful 
deg:ree. Experiments conducted by 
Orton and Griffin (see Second Report 
of Committee on Technical Investigra- 
tion, Indianapolis, 1905) indicate that 
the remedy lies in burning: off the car- 
bon in the temperature interval be- 
tween 800 deg:. C. (1,472 deg:. F.) and 
900 deg:. C. (1,652 deg:. F.), as below 
this the oxidation of carbon does not 
proceed rapidly and above thid there 
is danger of vitrification beg:inning: and 
oxidation being: stopped. The proced- 
ure, therefore, is to drive off the mois- 
ture first, then raise the heat as rap- 
idly as possible to an interval between 
the above temperatures and hold it 
there until the ware no long:er shows 
a black core denoting: ferrous iron. 

In order to burn off the carbon and 
oxidize the iron, air supplying: oxygen 
must be drawn into the kiln during: 
burning:, since the combustion g:ases 
from the fuel will supply none. Oxida- 
tion may be quickened by increasingr 
the amount of air entering: the kiln 
and by reducing: the density of the clay 
as much as possible. If this is not 
done, there is a dang:ei' of swelling:, 
perhaps even of complete fusion of the 
interior of the mass caused, first, by 
the closing: of the pores before all the 
carbon is burned off, and, second, by 
the formation of an easily fusible fer- 
rous silicate. When the carbon is all 
burned off the iron has a chance to 
oxidize. 

If there is a hig:h asphaltic carbon 
content in the clay, the oxidation 
should be carried on with as little air 
as possible, otherwise the heat g:en- 
erated by the burningr hydrocarbons 
may be so intense as to cause vitrifica- 
tion before the oxidation is completed. 

In relation to the effect of water on 
black coring:, if the brick is set wet 
it requires such a hig:h heat in the 
early stag:es of firing: to drive off or 
evaporate the water that other 
chang:es, such as oxidation of the car- 
bon, will be retarded, and vitrification 
ensue before the process is completed. 
(See also Black coring: and Burning:, 
oxidation period of.) 



CARBONIFEROUSt see Geolog:lcal 
ag:es. 

92— CARBORUlf DUM . — Produced in 
an electric furnace by heating: togrether 
sand, sawdust, and coal. It is a car- 
bide of silicon, has the formula SiC, 
and is crystalline in nature. It is 
crushed and made into shapes and 
forms as desired by using: a bond of 
fire clay, about 16% tar, sodium sili- 
cate or other similar substances. It 
is hig:hly refractory, and at the tem- 
perature of 2,220 deg:. C. (4,028 deg:. F.) 
it beg:ins to separate into carbon and 
vaporous silicon. It is sometimes called 
silicon-carbide. This material oxidizes 
slowly above 1,470 deg:. C. (2,678 deg:. 
F.), and is used as a refractory for 
lining: copper and brass furnaces, for 
tunnel kilns and to some extent elec- 
tric furnaces and clay and zinc retorts. 
It is also an ing:redient of grlndingr 
wheels. 

93 — CARD INDEXES. — ^V e r y few 

offices to-day are not equipped with 
some kind of a card index, but there 
are so many uses to which one of these 
devices or systems can be put that 
their use can easily be enlarg:ed. The 
sales department can keep records of 
the sales to different dealers or differ- 
ent localities or of different classes of 
materials. The stocks of different 
shapes, of a fire clay, sewer pipe, china 
ware, flower pot, earthenware, drain 
tile or other plant can be successfully 
kept thereon. In the purchasing: de- 
partment the prices of each item can 
be kept thereon and the employment 
and time-keeping: departments can list 
the employes in this way. In addition 
to the usual type of card systems 
where the cards are kept in drawers, 
there are visible systems in which one 
line of each caVd is visible, thereby 
affording: a visible index. These are 
usually mounted on a fiat frame which 
can be hung: on the wall or can be 
mounted in vertical hang:ers which 
swing: around a center support or 
stand. Many plants use one or the 
other of these systems to keep track 
of their active orders, usingr one card 
for each order, and the location of the 
card indicating: the status of the order. 
Follow up sales work can be shown 
very successfully on a card system. 

94 — CAR, DRYER. — These consist of 
a body or frame mounted on four 
wheels, the g:ag:e of which is usually 
about 24 or 36 inches. The ends of 
the bodies are fixed so that they will 
take up any jar that is encountered, 
and the ware on the car is thereby 
damag:ed as little as possible. Dryer 
cars are made entirely of metal except 
that some of the decks on which the 
ware is placed are made of wood. This 
is necessary when the moisture in the 
ware would tend to discolor the prod- 
uct on account of its contact with 
iron or steel. The axles on dryer cars 
have roller bearing:s, and the box can 
be packed with either g:rease or 
gnraphite. The latter is preferable be- 
cause the g:rease tends to g:ather dust 
and dirt which packs and further be- 
cause the grease softens and runs 
when it reaches the zone of hig:h heat. 
If g:rease is used in the boxes of dryer 
cars the boxes should be inspected and ' 
cleaned out after every few trips 
thru the dryer. When the product 
of stiff-mud machinery is placed on 
dryer cars, one, two or three decks 
are used, the number of decks depend- 
ing: on the necessity for care in han- 
dling: the ware. For the output of 
soft-mud machinery and for silica 
brick and shapes, cars are used that 
have racks. These racks consist of 
small angrle irons which are riveted to 
the frame of the car so that they are 
always horizontal, and are usually not 
more than four inches apart. Pallets 
holding: only one brick hig:h are placed 
on these ang:le irons, and the ware 
dried in that way so that no piece of 
ware touches another piece. In some 
cases the boxes of these rack cars 
are equipped with spring:s in order to 
prevent any irreg:ularity in the track 
damag:ing: the ware, which is very 
soft. 

MANUFACTURERS (see catalog sec- 
tion): 

Easton Car & Construction Co. 
Freese, E. M. & Co. 
Hadfleld-Penfleld Steel Co. 
International Clay Machinery Co. 
Philadelphia Drying Machinery Co. 
Rodgers, L. E., Engineering Co. 
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Roblnaon. Fr&nk H. 

Steele, J. C. & Song. 

Toronto Foundry & Machine Co. 

Weller ManufaoturlnK Co. 

MANUFACTURERS' ANNOUNCE- 
MENTS: 

International Clay Uacliinery Com- 
pany, Dayton. Ohio, announces a 
new car bearlns, flexible, eaglly 
Inatalled. and equipped with an 
ull reeervoir. Irregularities In 
the track or even a eprung axle 
wilt not cause blndlnK In the 
bearlnga. A complete line of 
Standard or special cars can be 
furnished on short notice. See 
our pag-es in catalog section. 



made of metal with Kneels that tit on 
a track Just as any other dryer, pit, 
mine or railroad car. The bed is either 
made of refractory material or of 
metal covered with some Insulating' or 
refractory material. Much of the ' - 



many Installations the cost of repalr- 
!nK the dryer cars has been large. 

The bed, therefore, should be con- 
structed BO that the changes due to 



bored to lit the axle, and of I 

Qreat care must be exercised to keep 
dirt, etc.. out of the bearlngB, and ofl 
grooves must be provided so that tha 
axles can be lubricated. There Is sel- 
dom any chance to store oil or greajio 
In bearings of this type. Some cara 
for this class of outdoor work are 
equipped with a bearing box whlcb 
resembles a regular railroad car bear- 
ing, In fact. Is a miniature thereof. 
The axle bears on a bronze plate which 
Is held In place by the casting of the 
box. There Is a reservoir underneath 
the aile for oiled waste, with which 
the axle lubricates Itself. A hinged 
cap is provided to exclude the dirt. 
The advantage of this type of beartiiK 



Is t 



I it 



[ulre 



El bulld- 



vals only. Cars used 1 , 

Ing for transporting clay, mud, , 

from a wet pan or other machine are 
often of the same type and have ths 

work. Both Iron and wood are us«d 
(or the frames and bodies of any of 
the oars described. The use of car* 
for hauling coal or ashes Is not very 
common In clay products plants, but 
"'■■""" """" "5 used they are usually 



Car tot Tnaael KUa Before 

BS— CAR, DUMP. — Cars for moving 
overburden, clay, shale, coal. etc.. are 
usually equipped with dump bodies, 
and called dump cars. The amount of 
material to be handled and the cost 
of unloading make It Imperative that 
It be done as economically as possible. 
Dump cars are provided therefore and 
they can be made to dump on the side, 
on the end, or thru the bottom. The 
side and end dump are made with 
either a flat bottomed or V-shaped bed. 
In the former there Is a pivot In the 
center of the bed underneath, and It 
is dumped by men raising the side 
opposite to where It Is desired to dump 
It. The V-shaped type Is loaded with 
the point down and a track Is provided 
at each end which guides the body as 
one side is pulled down. This dumps 
the load. Bottom dump cars are 
dumped by a lever on the side. In 
many cases a catch can be provided to 
trip the lever and dump the load auto- 
tnatlcally when the car Is over the bin 
or other place where It Is desired to 
unload. (See Cars, mine, pit, etc.) 

MANUFACTURERS (see catalog sec- 

Clearfleld Machine Shops. 
Eaaton Car & Construction Co. 
Freese, E. M. & Co. 
Hadfleld-Penfleld Steel Co. 
International Clay Machinery Co. 
Link-Bolt Company. 
Steele, J. C. & Sons. 
Toronto Foundry & Machine Co. 
Weller Manufacturing Co. 
MANUFACTURERS' ANNOUNCE- 
MENTS : 

1 Car 4 Construction Co., 300 
" "" ~ " N. T. 

Fell as dryer 

_.,u ~.,4i tn.o, liciii be furnished 
for meeting every car haulage 
requirement In the ceramic In* 
dustry. Prices and speclflcatlons 
on oars and narrow-gage railway 
equipment gladly furnished upon 
request. See our page In the 

nternatlonal Clay Machinery Com- 
pany, Dayton. Ohio, have just 
published a new catalog of all 
types of Industrial cars. Being 
engineers and designers of com- 
plete clay plants, and manufac- 



fltted . 

hauling problems. . 
tn catalog section. 



Placing RefTBCtory Cover. 

MANUFACTURERS (see catalog 

Easton Car & Construction Co. 
Hadfleld-PenOeld Steel Co. 
International Clay Machinery C 



Y & Machine Co. 
90 — CAR LOADESR!!. — This Item re- 
fers to a mechanical equipment suited 
to loading cars. Naturally there are 
several different types. For loading 
from kiln or stock pile there are sev- 
eral types of roller conveyors, which 
require no power for operation unless 
the distance Is large. Even then the 
power used Is very small and Is used 
only at one point One man loads the 

of gravity carries It around curv 



and places It In the c 

Under other conditions the Industrial 
truck Is found to be more etilclent, and 
Its use Is Increasing dally. The belt 
conveyor Is best suited for loading- 
crude and unprepared clay, and ground 
Are clay Is often loaded In this way 
from a bin. There Is aleo a type of 
fan or blower used for loading ground 
clay which obviates the use of shov- 
eling even In the end of a box car. 
In loading open top cars with crude 
clay, ganlster, or any bulky material, 
a locomotive crane, derrick or similar 
equipment Is very elllclent. when the 
location of the bed or deposit and of 
the switch track Is convenient. (See 
also Conveyor, belt; Conveyor, brick; 
Truck. Industrial; Carriers, gravity; 
and Loading machine.) 

MANUFACTURERS (see catalog sec- 
American Equipment Co. 

Freese. E. M. & Co. 

Oreen. L. P. 

Hadfleld-Penfleld Steel Co. 

International Clay Machinery Co. 

Link -Belt Company. 

Weller Manufacturing Co. 

»T— CAR. HINE:, fit, BTC. — a car 

consists of a box or body mounted on 
a frame with four wheels. It runs on 
a track and Is used to transport mate- 
rial from oue p^jnt 1 " 



uuiHu — another. The 

gage of the trapi; is usually about 21 
or 36 Ins. For rnftn ar pU work, or for 
handling overb?'" 1 the cars are gen- 
erally equlppert"^a*'i dui"!* bodies (see 
also Car, du»C V '"rrhe bearings for 
cars ot this i J!^bV. Uada ot cast iron. 



handling ( 
and kf- - 
tor mi 



oases roller bearings are used on car* 
of this type. 

MANUFACTURERS (see catalog sec- 
Eagle Iron Works. 

Easton Car & Construction Co. 

Freese. E, M. & Co. 

Hadfleld-Penfleld Steel Co. 

International Clay Machinery Co. 

Toronto Foundry ft Machine Co. 

MANUFACTURERS' ANNOUNCE- 
MENTS; 

Easton Car & Construction Co., 100 
Fulton St., New York, N. Y. 
Easton Rocker Dump and clay 

*•-—"' ars, as well as dryer 

ars. can be furnished 

!t In the ceramic tnduB- 
iij. rric;«8 and specifications on 
cars and narrow-gage railway 
equipment gladly furnished upon 
request. See our page In the 
catalog section. 
»8 — CAR MOVKRa, — There are two 
general types of car movers, hand 
operated and power operated. The 
former Is usually made to flt under the 
rear wheel of a car Just back of the 
point where It Is resting on the rail. 
There Is a long handle attached, and 
by a system of levers the power exert- 
ed on the handle by one man Is suffl- 
clent to move the oar. This type Is 
built for use on railroad cars, and also 
for dryer and other Industrial cars. 
The power car movers are operated 
by a clutch on a shaft or by a capstan 
located at a Died point. In moving 
railroad cars a wire cable Is generally 
used and naturally the distance at 
which It can be operated Is unlimited. 
In moving dryer cars a cable or chain 

MANUFACTURERS (see catalog seo- 

Caldwell Co., W. E. 

Hadfleld-Penfleld Steel Co. 

International Clay Machinery Co. 

Link-Belt Company. 

Rodgers. L. E., Engineering Co. 

Webster Mfg. Co. 

Weller Manufacturing Co. 



Is referred Co the Item Car movers. 
MANUFACTURERS (see catalog s( 



aSB — CAR PUS HERB ^-Th Is equip- 
ment Is used for moving a string of 
cars thru a dryer or tunnel kiln. The 
main object to be sought Is a steady 
slow movement at a uniform speed. In 
the case of a tunnel kiln. It la advis- 
able to have the pusher adjustable so 
that any speed can be attained, the 
object being that the cars are moved 
forward at the same speed at which 
they are being fliled. Take a kiln 
which Is niled by a dry press, making 
20.000 brick per day for six days, or 



/- 
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Cement 



the pusher must operate at a speed 
sufflcient to equal the week's output. 
The same proportion Is necessary for 
a plant making- ware other than brick. 

MANUFACTURERS (see catalog sec- 
tion): 

Link-Belt Company. 

Rodgers, L. E., Engineering Co. 

SI80— CARRIER BUCKET. — ^This re- 
fers especially to the conveyors and 
elevators in which the bucket is fas- 
tened to a chain or to two chains. The 
reader is therefore referred to Ele- 
vator or bucket conveyor; Conveyor, 
drag-plate and bucket; Conveyor, 
chain. 

MANUFACTURER (see catalog sec- 
tion): 

LiAk-Belt Company. 

90^— CARRIERS, GRAVITY. — Qravity 
carriers are used for transporting 
brick, etc., from the kiln to the pack- 
ing room, railway car, motor truck, or 
stack. The usual type consists of a 
light framework, constructed in sec- 
tions to make it portable and adjust- 
able, and fitted with a series of rollers 
which form a runway for the moving 
material. The rollers operate on ball 
bearings to facilitate ease of move- 
ment. Very little slope is required, as 
the momentum gained by the use of 
ball bearings conveys the iroods 
around corners and over irregular 
g-round with surprising ease. It Is 
generally advisable to supplement the 
gravity conveyor with a short belt 
elevator. The automatic features and 
the adjustability of the gravity car- 
rier make it an especially valuable 
time and labor-saving unit. 

MANUFACTURERS (see catalog sec- 
tion): 

Hadfleld-Penfleld Steel Co. 
Link-Belt Company. 

CAR, TRANSFER* see Transfer car. 

lOO^^CAR UNLOADERS. — The un- 

loaders that interest a clay worker 
chiefly are the ones to handle raw clay 
and coal. The same equipment will 
handle either commodity, or any bulky 
material of similar nature. There are 
two general types, one for unloading 
box cars, and the other for unloading 
open top cars. In unloading box cars, 
a scoop not over six feet wide is used. 
This scoop is hauled or pulled to the 
end of the car and then hauled to 
the doorway, by means of a wire rope, 
the material being: dumped at this 
point. In unloading open cars, one 
method is to have a conveyor belt, 
which is adjustable, lay on top of the 
material to be unloaded. A man in the 
car feeds the material onto the belt, 
and the rest of the operation is auto- 
matic Of course cranes are also used 
largely for unloading- open top cars. 
In addition many plants have a trestle, 
by means of which a dump bottom car 
can be unloaded very easily, by throw- 
ing the proper levers, and allowing the 
material to drop onto the ground or 
into bins from which it is used or 
hauled. (See also Coal handling equip- 
ment.) 

MANUFACTURERS (see catalog sec- 
tion): '' 
Hadfield-Penfield Steel Co. 
Link-Belt Company. 
Weller Manufacturing Co. 

101 — CAR IVHEEI^S. — This item re- 
fers to the wheels on the many types 
of industrial cars used in a clay prod- 
ucts plant. Very frequently the over- 
burden is removed in cars. The raw 
clay that is to be used is generally 
transported from pit to factory in 
cars. Whenever a tunnel dryer is used, 
cars are the medium of transportation. 
Coal and ashes are sometimes hauled 
in cars, and other uses are found at 
times. It can readily be seen that 
there must be a type of wheel for each 
use, so that the minimum of metal is 
used for the maximum of efficiency. 
Some of the uses are quite severe. 
Wheels for cars of thifi type are made 
of cast iron, cast -steel, manganese 
steel and sometimes partly of pressed 
or sheet steel. Cast iron wheels always 
have the rim made of chilled cast iron 
or of cast steel, as most of the wear 
occurs at that place. Wheels for this 
class of service are usually shrunk on 
the axle or fastened with a set screw, 
and there is generally a shoulder on 
the axle ag'ainst which the wheel bears 
to prevent It from alldlmg on the axle. 



This type of wheel is used on any car 
that runs on a ^ack. When the wheel 
turns on an axle, roller bearin^rs or 
ball bearings are usually provided, and 
if the axle turns with the wheel the 
roller or ball bearings are usually 
placed in the box in which the axle 
turns. Other types of bearings are 
described in item Car, mine, pit, etc. 

MANUFACTURERS (see catalog sec- 
tion): 
Eagle Iron Works. 
Easton Car & Construction Co. 
Hadfleld-Penfleld Steel Co. 
International Clay Machinery Co. 
Link-Belt Company. 
Toronto Foundry & Machine Co. 
Weller Manufacturing Co. 

102— >CAR WRENCH. — These are 
tools or instruments by means of 
which dump bottom coal oars, etc., are 
unloaded. A dump bottom car usu- 
ally is arranged to dump its load when 
a certain rod or a certain set of rods 
is released. These wrenches are in- 
tended to release this load surely and 
quickly. A poor wrench which delays 
the dumping of a car not only reduces 
output and increases costs but spoils 
the enthusiasm of the men and they 
will not take nearly as much care of 
the material as they will when the car 
is dumped promptly and efficiently. 

103 — CASTING. — ^In the potterv in- 
dustry, casting consists of pouring a 
clay-slip into a plaster mold which ab- 
sorbs some of the water, and causes a 
thin layer of clay to adhere to the 
inner surface of the mold. To pro- 
duce this character of slip with less 
water some alkaline salt is added to 
the mixture. When the layer on the 
inner surface of the mold is of the 
required thickness, the mold is invert- 
ed and the remainingr slip poured out. 
After a few hours the mold is removed 
and the seams left by its Junctions are 
removed by "flnishing." Handles or 
other necessary additions are attached 
by using slip. 

Casting is extensively used in mak- 
ing thin porcelain ornaments, white- 
ware objects, etc. It is also used for 
making- belleek. The process is en- 
tirely dependent on the absorbent na- 
ture of the plaster mold, which may 
be of endless variety as regards shape. 
There is likewise practically no limit 
to the modeled ornament that may be 
incorporated with the shape, provided 
It is not "undercut" and will "draw" 
from the mold. 

104 — CASTINGS, METAL.~Practical- 
ly all of the machinery and equipment 
around the plant is composed largely 
of castings. A casting is any piece 
that is formed by pouringr molten 
metal into a mold of sand which has 
been made the same shape and size as 
a "pattern." These castings are made 
of different mixes of iron and steel. 
The most usual is an ordinary grey 
iron casting. Where one surface will 
have more wear than the rest, the 
sand in that part of the mold is re- 
placed by a piece of iron called a 
"chill." As a result that surface of 
the castinsT chills quickly and has a 
harder surface. There are also mal- 
leable castings, in which process the 
castings are given a very thoro an- 
nealing treatment, which increases 
their resistance to breakage. This 
process is especially suited to small 
castings. Steel castings, made from 
molten steel instead of molten iron, are 
still stronger, and the hardest cast- 
ing known commercially is a manga- 
nese steel casting. (See Manganese 
Steel.) 

MANUFACTURERS (see catalog sec- 
tion): 
Caldwell Co., W. E. 
Eagle Iron Works. 
Hadfleld-Penfleld Steel Co. 
International Clay Machinery Co. 
Link-Belt Company. 
Rodgers, L. E., Engineering Co. 
Steele, J. C. & Sons. 
Stevenson Co. 
Toronto Foundry & Machine Co. 

105— CATERPILLAR TRACTION. — 

This is the term used to indicate the 
improved method of moving a locomo- 
tive crane, steam or electric shovel or 
other digging or ditchinfir machine 
over the ground. In the positions usu- 
ally occupied by the wheels of a trac- 
tion drive, gears of about 18 ins. diam- 
eter with very large pitch are placed. 
The teeth of these gears engage in 
openings or offsets in castings which 
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form part of the chain or caterpillar. 
The caterpillar really consists of a 
series of flexibly Joined links, which 
hold iron bound planks, the whole 
forming a broad chain, which is end- 
less and flts around two of the gear 
wheels. There are always two cater- 
pillars to a machine. The moving is 
accomplished by the gears pulling the 
caterpillar around. This equipment 
enables a machine to turn around al- 
most in its own space if one cater- 
pillar goes forward and the other 
backward. The big advantage gained 
in the use of a caterpillar traction is 
the fact that the machine will be able 
to go almost anywhere without danger 
of miring in the mud. It can go up 
and down steeper inclines than is pos- 
sible with any other type of traction. 
The tanks used in the late war in 
Europe were equipped with caterpillar 
traction, and much of their success Is 
due to this fact. (See also Shovel, 
power; Crane; Shovel, electric; Shovel, 
steam.) 

MANUFACTURER (see catalog sec- 
tion): 
Hadfleld-Penfleld Steel Co. 

CAT OIL, see Oil, cat. 

10 6 -C. C. WARE. — An abbreviation 
for cream-colored ware; a common va- 
riety of ware made from low-g:rade 
china clays, being considered the 
cheapest quality of white pottery prod- 
uct. As the name indicates, it was 
orig-inally of a creamy tint, but in 
recent years competition has caused 
such an improvement in color that It 
is now equal to what was formerly the 
next better grade of white earthen- 
ware. 

107 — CEMENT, BUILDING.— There 

are two classes of building cement, 
namely, Portland cement and Hydrau- 
lic cement. The former is a manufac- 
tured cement, suited for use anywhere 
that water is not present. The latter 
is usually a natural cement and is 
especially suited for work under water 
as it sets better in that condition. 
Both are very well fitted for any 
foundation work either of concrete or 
brick. All brick walls are stronger 
if the mortar contains cement, and 
cement used on top of kiln crowns aids 
materially in keeping out water. Ce- 
ment wheelroads are very good around 
the yard and in storage sheds. (See 
also Concrete and Foundations.) 

108 — CEMENT, HIGH TEMPERA- 
TURE. — High temperature cement is 
a mixture of certain ingredients which 
withstand high temperatures and at 
the same time have high bondinsr or 
cementing qualities. It is used in 
place of fire clay as a mortar in laying 
up fire brick. Many causes for the 
poor service secured from fire brick 
can be traced directly to the fact that 
the bonding clay used was not as good 
in quality as the clay of which the 
brick were made. High temperature 
cement is made in several errades to 
stand as high a heat as the best fire 
brick, and it has the additional advan- 
tage of having better binding qualities 
than fire clay. It can be used to very 
good advantage on the inside wall of 
a boiler setting or on the inside of the 
walls, flues, floor and stack of a kiln. 

There are similar materials which 
are ground coarse, and therefore can- 
not replace fire clay in laying up 
brickwork. They are especially suited 
for patching up the cracks or worn 
pai*ts of any fire brick work. 

MANUFACTURER (see catalog sec- 
tion): 
Celite Products Co. 

100— CEMENT, INSULATING.— Insu- 
lating cements are plastic cements that 
are especially suited to retard the pas- 
sage and radiation of heat. Some of 
them are made of the same material 
as insulating brick, and there are also 
others made of other materials. In 
addition to being used as a mortar for 
insulating brick, they are especially 
adapted to patching cracks as they 
appear in boiler settings, kiln walls, 
and kiln crowns, thus preventlnsT leak- 
age and loss. Kieselguhr is the 
foundation of most of these cements. 
Asbestos is also used extensively, as 
well as magnesia, cork, etc. 

MANUFACTURER (see catalog seo- 

tion): 
Celite Products Co. 

110— CEMENT, WATBRPROOFINO* — 

One of the great troubles at a day 
plant when there are underground 
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flues, elevator pits, etc., is the presence 
of water In those undergrround places. 
Elevator pits should be protected by 
one of the waterproof cements. These 
can be mixed with the cement when 
the pit is built or a coating can be put 
on after the concrete has set. This 
coating grenerally is made of black 
plastic material like pitch. Some of the 
companies putting: waterproofing' of 
this kind in place, guarantee that it 
will successfully keep out the water 
and moisture for a definite length of 
time, and put up a bond to that effect. 
Water in an elevator pit is a constant 
source of cost and trouble, to say noth- 
ing of the curtailed production. The 
best way to waterproof kiln flues is to 
install an efllcient drainage system, 
but in addition the use of a high tem- 
perature cement put on as a wash will 
help. The ground beneath a dryer 
should be kept dry, and the method 
described above for an elevator pit 
will work satisfactorily beneath a 
dryer. 

MANUFACTURER Csee catalog sec- 
tion): 
Celite Products Co. 

IIOA — CENTIGRADE}. — T he t h e r - 

mometer scale which uses the temper- 
ature of freezing water (on the 
Fahrenheit scale equal to 32 deg.) as 
deg., and the temperature of boiling 
water (on the Fahrenheit scale equal 
to 212 deg.) as 100 deg. 

The reading on the Centigrade scale 
is equal to the reading on the Fahren- 
heit scale minus 32 and then multi- 
plied by 5/9. Thus 2000 deg. F. — 32X 
5/9 = 1093 deg. C. C. is used as the 
abbreviation for Centigrade and F. for 
Fahrenheit. 

CENTRIFUGAL PUMPS, see Pump, 
centrifugal. 

Ill — CERAMICS I A BRIEF HIS- 
TORY OF ITS ORIGIN AND DE- 
VELOPMENT AS AN INDUSTRY AND 
AN ART. — ^The story of dayworking 
leads back into the remote antiquity, 
thence forward thru the rise and 
fall of many peoples and empires into 
the myriad activities of the present for 
which the almost innumerable classes 
of clay ware are manufactured. For 
practical purposes, a brief history of 
this development falls into two parts, 
one dealing with brick, the other with 
pottery. 

Tke Story of Brick. 

In some archaeological borings in 
Egypt, debris of fired brick were struck 
at a depth of 25 to 30 ft. below the 
level of the valley of the Nile, and this 
discovery, based upon the progressive 
elevation of the soil from the overfiow, 
suggests that these beds contain the 
debris of brick deposited there 10,000 
years ago. The earliest recorded date 
in history is found on a brick tablet 
of the time of Sargon of Akkad, 8800 
R C, founder of the Chaldean Empire. 
It was, of course, but natural that the 
dwellers along the great Euphrates 
and Tigris rivers should note how the 
sun baked and irregularly cracked clay 
blocks, and to find them, after crude 
shaping, very suitable for building the 
walls of a hut. 

Babylonlfii Origin of the Trade Mark. 

In the early dawn of recorded his- 
tory, over 2000 B. C, the Chaldeans 
had already acquired and practiced the 
art of making hard, durable, sun- 
baked adobe brick. When they learned 
to burn the brick is not known, altho 
they practiced burning at the time the 
tower of Babel was built. Before 
Nebuchadnezzar's reign as king (604- 
662 B. C.) of Babylonia, men had 
learned and practiced both the art of 
hard-burning brick and of beautifully 
enameling them. Tradition holds that 
the great fish-god Cannes himself 
taught the Babylonians this art; how 
highly they prized it is witnessed in 
the patronage of the king who stamped 
the brick with his name. This is prob- 
ably the aristocratic and venerable 
origin of placing a trade mark on a 
manufactured product. 

Herodotus, the Greek historian of 
the fifth century B. C, described the 
w^onders of Babylon, which included 
great walls, wonderful temples, and 
marvelous hanging gardens, all of 
whicli Nebuchadnezzar had built from 
brick to please his Median queen. 

The Assyrians, who derived their 
clvflizsation from the Babylonians, per- 
petuated the brick tradition, and the 
remains of their vast palaces of brick, 
as well as of great brick libraries — 



i. e., books made up of inscribed burned 
clay tablets, form one of the most in- 
teresting and valuable links in record- 
ed history. 

Egypt. 

It is likely that the art of brick 
making spread, in ancient times, east- 
ward from the Mesopotamian plains to 
Persia, India and China, and westward 
to Egypt, Asia Minor, Greece and 
Rome. In Egypt, which rivals Baby- 
lonia in the antiquity of its civiliza- 
tion, the most ancient brick remains 
do not go back of the fifteenth or six-* 
teenth century B. C; these are rep- 
resented in two pyramids made of sun- 
dried brick found at Dashur, a few 
miles south of Cairo. It has been sug- 
gested that it may have been here that 
Herodotus saw the singular inscrip- 
tion which his Egyptian guide thus 
Interpreted for him: "Disparage me not 
by comparing me with pyramids built 
of stone. I am as much superior to 
them as Ammon is to the rest of the 
deities. I am constructed of brick 
made from mud which adhered to the 
ends of poles and was drawn from the 
bottom of the lake." Thus, from an- 
cient Egypt is derived a pretty good 
line of brick advertising. In fact, the 
Egyptians apparently prized the brick 
Industry as highly as their Babylonian 
predecessors, for they ascribed the art 
to Nun, the oldest and wisest of their 
gods, and Pharaoh monopolized the 
business by having his name stamped 
on the product. Egyptian brick mak- 
ing, however, never reached the degree 
of perfection attained by the Baby- 
lonians. 

Bnrope. 

Europe naturally acquired the art of 
making and using brick from the Ro- 
mans, who left splendid and extensive 
remains of brickwork in nearly every 
part of their wide domain. The Baths 
of Caraccalla, the Basilica of Constan- 
tlne at Rome, and the spectacular dome 
of St. Sophia's at Byzantium, or Con- 
stantinople, are striking examples of 
Roman practice in handling brick. 
After the Barbarian invasions had sub- 
sided and the Church had succeeded 
in introducing some semblance of 
order into European society, architec- 
ture, especially with the thrilling 
times of the Crusades, began a bril- 
liant career in the so-called Roman- 
esque and Gothic periods. Here brick 
found its useful plane in art com- 
bined with service, and in countries 
where clay was abundant, as in north- 
ern Italy, southern France, northern 
Germany, and the Low Countries, ex- 
tensive brick building was carried on. 
In Spain, the Moors silso revealed their 
mastery of the craft in such structures 
as the Alhambra at Granada, and the 
Mosque, now Cathedral, of Cordova. 
During the great Gothic period, from 
the thirteenth to the fifteenth cen- 
turies, brick entered upon its palmy 
days, and was freely and fearlessly 
used with most effective and artistic 
results, notably in northern Europe 
where the wealthy and growing 
burgher cities used brick to build 
many a splendid city gate, church, 
town or guild hall, and mansion. 

Kngland. 

In England, brick were first made by 
the Romans, during their three and a 
half centuries of occupancy. The home 
industry, however, does not appear 
until the thirteenth century, and did 
not reach perfection until the time of 
Henry (1509-1547), when it was prob- 
ably accomplished under Flemish infiu- 
ence. In 1666, the great fire trans- 
formed London from a wooden to a 
brick town and gave a great spur to 
the brick industry. It remained, how- 
ever, for the days of Queen Anne and 
the Georges, in the eighteenth cen- 
tury, to Introduce a vogue for brick 
that almost eradicated the demand for 
other kinds of materials, and resulted 
in the erection of those fine country 
houses which, scattered thruout Eng- 
land today, are so representative of 
substantial comfort and dignity. In 
modern construction, English builders 
have maintained a fine sense of the 
architectural values in sound and beau- 
tiful brickwork. 
America. 

America, too, has its brick antiqui- 
ties. The Spanish Conquistadores dis- 
covered crude but excellent adobe 
brickwork i^ ^^^M ^^^ Mexico, and 
further develrv^ 5 it In their own set- 
tlements. Iix r® tl> America, the first 
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brick houses were built of material 
brought from Holland or England, al- 
tho in Virginia, as early as 1611, and 
in Massachusetts, as early as 1629, 
the domestic industry was established. 
Naturally, European, especially Eng- 
lish, practice was closely followed. The 
Colonial days produced fine examples 
of brick architecture from New Eng- 
land to Virginia. In the nineteenth 
century, up to 1880, American brick 
building was largely confined to the 
use of common brick for average con- 
struction or for backing stone-faced 
walls. Since then, a growing individ- 
ual and national taste has demanded 
and secured artistic effects in the 
brick wall by the use of specially man- 
ufactured face brick which are now 
produced in a myriad variety of beau- 
tiful color tones and textures, and 
which have been used by leading ar- 
chitects to achieve much that is dis- 
tinctive in building design and con- 
struction. 

Progress la America. 

The American manufacturer has out- 
stripped all foreign contemporaries in 
the manufacture of face brick, so that 
the range of color tones and textures 
he now offers is such that the pro- 
spective builder is capable of incor- 
porating in the exterior wall surface 
an enduring color scheme of mono- 
chrome uniformity, or polychrome 
blending, as his taste may dictate. The 
whole sweep of color, in smooth or 
rough textures, is available, from the 
pure, severe tones of pearl grays or 
creams, thru buff, golden, and bronze 
tints to a descending scale of reds, 
down to purples, maroons, and even 
gun metal blacks. 

Tke Story of Pottery. 

To all Intents and purposes, modern 
knowledge of pottery other than brick 
begins with the era of burned ware, 
since any unburned ware must have 
perished long ago. Unburned brick 
survived partly because of its mass 
and partly because its use was con- 
fined to a dry climate. Closely allied 
to brick are the wan tiles which were 
brought to sub-perfection in Moham- 
medan lands. It is quite likely that 
the use of the richly glazed decora- 
tions which will be discussed later 
originated in these tiles. 
* In the region of the Nile, according 
to Mariette Bey, there are found in 
tombs of the Memphite period (6000- 
3000 B. C.) vases of terra ootta which 
were intended to contain provisions 
for the deceased. Also, on the walls of 
the tombs of the Beni-Hassan, pictures 
have been discovered portraying scenes 
from the life of Egyptian potters, 
modelling vases and firing them in an 
oven, at a time corresponding to the 
Theban Period (3000-1700 B. C). To 
this period is attributed the discovery 
of glazes and the manufacture of the 
first pieces of earthenware found in 
the pyramid of Saggarah. Between 
1700 B. C. and 500 B. C. the art of 
earthenware manufacture attained rare 
perfection, as is illustrated by the 
decorations of the temple of Tell-el- 
Yadouai built by Rameses III. 

It is uncertain as to whether the 
Chaldeans and Assyrians had borrowed 
their processes from the Egyptians, or 
whether they discovered them in actual 
practice, but it is known they discon- 
tinued the long-accustomed use of 
crude brick and erected the palaces 
of Croesus at Sardis, of Mausolus at 
Halicarnassus, and of Attains at Tralles 
of beautiful, red, fired brick. Tombs 
of a single piece of ware, or formed 
by two pieces cemented together, attest 
the skill of Chaldean and Assyrian 
potters, even in that remote day. It 
is possible that the Indian races learned 
the manufacture of fired bodies and 

S lazes from the Assyrians and Chal- 
eans; in the Vedic hymns mention is 
made of pottery. The Persians, suc- 
cessors to the Assyrians, carried the 
manufacture of monumental earthen- 
ware to a high degree of perfection. 
In Asia, the Chinese claim the first 
pieces of pottery were made by one 
Kouen-Ou between 2698-2599 B. C; but 
the great contribution of the Chinese, 
that of permeable pottery (stoneware 
and china), is of more recent origin, 
being first mentioned between 175-151 
B. C. 

The aborigines of America manufac- 
tured remarkable terra cottas, and in 
certain sections of Mexico and Central 
America, this manufacture undoubtedly 
goes farther back than 1000 B. C. 
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Thus, terra cotta was Invented by 
three different people — Egryptians, 
Chinese, and Mexicans (Aztecs) — in the 
beerinniner of their respective civiliza- 
tions, and at periods too remote for 
accurate dates to be assigned to them. 

Primitive Potters IVere Women. 

The primitive potter shaped her 
wares (the work was almost invari- 
ably done by women) by hand, some- 
times without the aid of any sup- 
porting form, sometimes with a wicker 
shape. The pieces were made with 
thick walls for ease of working, and 
later reduced to the desired lightness 
by shaving or scraping the nearly dry 
clay. The burning was done in an 
open fire, the pieces being filled with 
bark or chips of dry wood and placed 
upside down amid the fuel. Wood was 
then heaped on them, the firing kept 
up until a mass of glowing charcoal 
covered the wares. The remarkable 
fire-flashed colors thus produced were 
the result of accident, since it is not 
likely that the subtle, delicately shaded 
tints conveyed any pleasure to the 
untutored mind. In time, the open 
fire gave place to the enclosed fire, 
altho the wares were still exposed to 
the flame. In his paper, "The History 
of the Ceramic Arts," Charles F. Binns 
presents the suggestion that the tech- 
nology of all the early forms of pot- 
tery was founded upon what chemists 
know as a reducing fire, produced (in 
the absence of better fuel) by the use 
of refuse vegetable matter, stubble, 
brush and animal waste as fuel, thus 
robbing the iron oxide in the clay of 
a part of its oxygen, and producing a 
ware that varied in color from black 
to gray. 

Old Roman and Otker Practices. 

The beautiful black coloring of 
early Greek terra cotta is the black 
oxide of iron which can be maintained 
only by a properly applied reducing 
fire. The black or gray ware of the 
Romans was also burned in a kiln into 
which sufficient air for oxidation could 
not enter. The Romans, in their con- 
quests of other lands, carried the pot- 
ters' art with them and introduced it 
In occupied territory; but as their 
power waned the art declined and 
almost vanished. The Oauls and 
Saxons possessed nothing better than 
barbaric methods in industry, includ- 
ing the manufacture of clay wares. 
No notable advance was recorded until 
the approach of the Middle Ages; then, 
either by alchemy or magic, the ideal 
became not a black but a white ware. 

In Mesopotamia, Syria and Persia, 
technique was concentrated toward 
producing a pure white pottery. The 
method was ingenious but imperfect. 
The bodies were still made of dark 
colored clay and the white surface 
obtained by using a veneer of an in- 
fusible substance consisting largely of 
quartz flour. Upon this there was 
placed a transparent, brilliant glaze 
prepared from lime, soda and quartz — 
a composition similar to the common 
form of glass. A Qerman investigator 
has shown that this technique was 
rendered possible by the same smoky 
(reducing) Are explained above, as the 
fuels used did not contain sufficient 
sulphur to affect the brilliance of the 
glaze. 

What was it, however, that created 
the furore for white pottery instead 
of black? 

Cklneae Practice. 

In the distant empire of China the 
production of clay wares had proceeded 
from prehistoric times (see dates above) 
In a manner similar to that which ob- 
tained In other lands; but Chinese civili- 
zation had progressed rapidly. Its be- 
ginnings were rooted in the dim and 
distant past; locked within itself for 
centuries, Chinese records are said to 
date back to 2000 B. C; and even if 
this be regarded as tradition and con- 
jecture, the dynasty of Han (200 B. C- 
200 A. D.) is established history. At 
this early date, Chinese potters were 
producing wares which are still the 
marvels of connoisseurs; and in the 
Great Ming dynasty, which began in 
1368, the finest porcelain ever seen was 
made. 

After the first crusade in the eleventh 
century, the intercourse of nations 
slowly increased until the famous 
^''aveler Marco Polo, revealed the won- 
**®rs of' the far East to Europe and 
tb© 1,2^ East. Thus, the potters of 



Mesopotamia saw for the first time 
Chinese whltewares. They had long 
since been versed in the mysteries of 
clay and fire, but familiar only with 
wares of dark color, and it is not 
surprising that their ideal of black 
ware fell before the finer ideal of 
pure white. 

There were three vital contributing 
factors to the development of Chinese 
whiteware — the high standard of civili- 
zation, the patronage of the mandarin 
and even of the emperor, and the dis- 
covery of a snow-white clay which was 
found to be associated with a white 
granite rock. With the characteristic 
patience of the East, these materials 
were blended so as to produce a plastic 
paste. But to bring the latter to a 
sufficient density a severe fire, reach- 
ing a temperature (as we now know) 
of over 1,400 deg. C. (2,192 deg. F.), 
was used, so that the white rock mixed 
with wood ashes could be melted to a 
glaze, or the same rock mixed with 
white clay would produce a pure trans- 
lucent ware. The same reducing fire, 
normal to the Eastern potter, was re- 
tained, but the Chinese used wood 
exclusively as a fuel. The ashes of 
this wood were saved and mixed in the 
glaze, care again being taken to specify 
for fuel only such wood as produced 
the right kind of ashes. 

In the absence of white clay, Persian 
and Syrian potters were unable to 
duplicate the Chinese white body, and 
directed their efforts towards perfect- 
ing the white coating already described. 
They succeeded in producing a rare 
standard of slip-covered ware which to 
this day is characteristic of the East. 
Further evidence of Chinese inspiration 
Is found in the blue decorations they 
used which often followed Chinese 
motifs. From that date forward, the 
world adopted whltewares as standard 
and still continues to esteem Chinese 
porcelain in particular as a criterion. 
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Following the fortunes of Eastern 
veneered or slip-coated ware is in itself 
an interesting adventure. The term 
"slip" is used technically to designate 
a clay or clay mixture rendered fiuid 
by water. Where this material is used 
to cover a clay body, the French term 
"engobe** is often employed, and so 
the class of pottery now considered 
got its name, "Oriental Engobe Ware." 
It is unique, first, because of its beauty, 
and. second, because it possesses in- 
dividual characteristics evolved from 
the special processes of manufacture. 
The ground Is usually a pearly white 
or light gray, tho occasionally a piece 
of delicate pink color is found. The 
decoration is outlined in black, typical 
colors being the deep blue of cobalt, 
the turquoise of copper, and the purple 
of manganese. There is occasionally 
found also a rich iron red. These 
colors depend for their peculiar qual- 
ity upon the nature of the glaze which 
covers them; this consists essentially 
of a silicate of lime and soda and 
differs radically from glazes of the 
present day. 

The manufacture of this ware was 
carried on in lands under Mohammedan 
rule, and thus may be classed with 
Damascened steel and embossed leather. 
It began in Mesopotamia, or In the 
general region of which the city of 
Bagdad may be considered the center, 
the knowledge of the art spreading 
thruout Persia and Syria, thence along 
the northern coast of Africa to Morocco. 
The beginning of the thirteenth cen- 
tury saw the establishment, after re- 
peated invasions, of Moorish infiuence 
in Spain. 

Development of Tin and I^ead Glaaes. 

One result of this was the develop- 
ment of the decorative art known as 
Hlspano Moresque of which the palace 
of the Alhambra at Granada, is one of 
the best examples. The Moors brought 
with them their knowledge of pottery 
making, but before long a new idea 
was born and a different fabric 
created. From some unknown source 
sprung the knowledge that a glassy 
^laze could be made opaque by the 
admixture of oxide of tin. and at the 
same time it was revealed that oxide of 
lead would make a more brilliant glaze 
than had hitherto been made with 
soda. The facts were revolutionary. 
There was then developed a brilliant 
fusible, opaque glaze which enabled the 
potters to make a white surfaced ware 
without the use of an undercoatlng or 
slip; and it was also found that glaze 
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made from lead was much more easily 
fused in the kilns than the former 
glaze had been. 

This gave birth to the tin enameled 
or stanniferous wares of Spain upon 
which the well-known golden and 
lustrous decorations were perfected. 
Perhaps because the Island of Majorca 
lay in the line of traffic along the 
northern shore of the Mediterranean 
sea, or perhaps because some of the 
ware was made there, the pottery was 
known as the ware of Majorca, and 
this became, in Italian, Majolica. 

Tke Italian Inflnence. 

The artists and critics of Italy, then in 
the first enthusiasms of the Artistic 
Renaissance, quickly seized upon this 
new means of expression. Lucca della 
Robbla, architect and sculptor, covered 
his clay figures with white enamel. 
Glorgla Andreoli, of Gubbl, produced a 
magnificent red luster. The cities of 
Urblno, Siena, Castel Durante, Faenza 
and many others each contributed some 
special modifications of style. Numer- 
ous examples of their products, some 
fine, some Inferior, are found in all 
modern museums. The methods of 
Italian potters were described in detail 
in a history of the art written in 1548 
by a certain Plccolpasso. 

From the last quarter of the fifteenth 
century to the end of the sixteenth, 
pottery manufacture underwent a grad- 
ual change in technique. The facility 
with which lead compounds can be used 
is common knowledge. The Italians 
fell into the lines of easiest resistance; 
little by little the lead was added (to 
meet lower kiln temperatures) until 
the fusible glaze obtained dissolved the 
best of the colors. The palette was 
denuded of one tint after another until 
only blue and yellow remain. These 
colors, being able to withstand the 
solvent action of the lead, held their 
position. 

Delft ^Ware of Holland. 

This was the condition of the Italian 
product when knowledge of the art 
spread northward to Holland and the 
Netherlands. Simultaneously, a new 
Chinese infiuence made its appearance, 
thru the medium of enterprising Dutch 
merchants who brought to Europe new 
supplies of Chinese porcelain. This 
was mostly decorated with cobalt blue, 
which is capable of withstanding the 
Intense porcelain fire. The potters of 
the town of Delft, combining this fact 
with their knowledge of Italian enam- 
eled ware, produced the blue pottery 
for which Delft became famous. The 
Delft potters also formed the first 
trade guild, known as the Guild of 
St. Luke, which controlled pottery pro- 
duction in Delft and probably con- 
tributed to the quality of the wares. 

Origin of German 'Warcn. 

It Is now necessary to digress for 
a moment from the field of enameled 
pottery to discuss a class of wares then 
forming a large part of German pro- 
duction. This pottery resulted from 
the unrecorded discovery sometime in 
the fifteenth century, that a certain 
type of clay can be glazed with the 
vapor of common salt. This day was 
generally refractory or capable of 
withstanding the action of a high tem- 
perature, and, in modern practice, 
would be known as a second-grade 
fire clay. The pottery was made in 
three colors, brown, gray, and a pearly 
white, and these colors were due to 
variations in the clay itself. The 
forms were shaped on the wheel, deco- 
rated with modeling and applied em- 
bossment and set In the kilns in such 
a way that each piece was exposed 
directly to the gases of the fire. When 
the kiln containing pieces of ware 
reached a certain temperature, salt was 
thrown upon the fire. The heat vapo- 
rized the salt, and the vapor passed in 
amongst and circulated around the 
pottery. Salt consists of sodium and 
chlorine. The chlorine passes away 
with the smoke but the sodium con- 
denses on the glowing clay in the form 
of minute drops and produces the in- 
teresting orange-skin texture which 
Is the distinguishing feature of salt- 
glnzed pottery. 

The city of Cologne was famed for 
Its production of salt-glazed stone- 
ware, and varieties originated in other 
places, the name of the ware generally 
boing derived from the point of ship- 
ment, hence the old terms Gres de 
Flandres or Gres Flamande. Other 
familiar types were the well-known 
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Graybeard, Bartmann and Bellarmlne 
Justs, etc. 

OrlfflB of Frenck Faience. 

ResumingT the story of enameled pot- 
tery the trail leads, at the opening 
of the seventeenth century, into France, 
where the rulers of a number of in- 
dependent dukedoms or electorates 
fostered the production of pottery. 
The Due de NIvernais brought an ex- 
perienced worker in enameled wares 
from Faenza, Italy, and from this arose 
the name "faience" as the French 
equivalent of Majolica. In 1644 the 
art was taken to the old Norman city 
of Rouen, which became an important 
center of faience manufacture. In 1702 
the industry was griven grreat impetus 
by the action of Klngr Louis XIV, who, 
in order to continue his wars, disposed 
of his gold plate and replaced it with 
faience. His action was followed by 
a similar furore amongr the nobles for 
faience ware. The potters took advan- 
tagre of the condition to produce some 
excellent services. The industry was 
also carried on in many other centers, 
such as Moustiers, Strassburgr* Mar- 
seilles and Dijon. 

Two enterprises of special character 
marked the activity of French potters 
in the sixteenth century. 

The earlier of these was begrun in 
1524 by Helene de Hangrest, a skillful 
artist, who contrived, with the assist- 
ance of two men, Bernart and Car- 
pentler, to produce the faience d'Orion 
grenerally known as Henry Deux ware. 
The pieces were constructed of a cream 
colored clay, and in form they partook 
almost of an architectural character. 
The principle feature, however, lay in 
the decoration, which consisted of an 
intricate series of interlacing lines and 
bands which were sunk in the ligrht 
colored clay and then filled in with 
dark clay. The whole was covered 
with a transparent colorless grlaze. 
The style and method were unique 
and it has been thougrht that the idea 
was based on the tooling^ of book 
covers, since it is known Bernart was 
library gruardian at the Chateau d'Orion, 
Mme. Hangrest's home near Thouars. 
Only 57 pieces of this most exquisite 
pottery exist; one in a private Russian 
collection, the remainder divided be- 
tween French and Engrlish national 
museums. 

The second enterprise was that of 
Bernard Pallssy, who -wrote in 1542 
that he had been eng^agred for more 
than 26 years in an effort to duplicate 
a cup of surpassing: beauty that he 
had once seen. After much specula- 
tion it is now generally thougrht that 
Palissy's inspiration was actually a 
piece of Chinese porcelain. Obviously, 
lacking the native materials that are 
in a large measure responsible for the 
excellence of Chinese porcelain, he 
failed in his efforts to create the white 
enamel of his ideal, but he did succeed 
In producing pottery of such excellence 
as had not appeared up to that time 
and which has not been excelled to 
this day. His most important works 
-were modeled in crude clay, largely 
in Imitation of natural objects, and 
the forms were covered with glazes 
of clear pellucid colors, as of pebbles 
seen at the bottom of a brook. 

Early English Potterr* 

The early British had some knowl- 
edge of clay working and examples 
of their funeral urns are to be seen 
in all museums. The Romans improved 
the art but with the Saxon conquest 
most of this was swept away. The 
first traces of its revival lead back' 
to about the fourteenth century. Two 
Jugs were found several years ago at 
the bottom of a well at Chichester 
and assigned to this date. From the 
fourteenth to the seventeenth century 
pottery was scarcely more than a craft 
of the peasantry. By degrees small 
communities of potters were formed in 
localities where suitable clay was 
available. In this manner were created 
the potteries of Staffordshire. Clays 
of rather crude quality were, and re- 
main, abundant in the northern part 
of the country. The primary fuel was 
wood, but the locality also contains a 
good supply of fine coal, now used 
exclusively. 

The Staffordshire potters revived the 
process of making slip decorated ware, 
w^hich bad first been introduced in 
Roman times but had long since fallen 
into disuse. The ware became very 
popular in the seventeenth century. 
The pieces were shaped on the wheel 



and the decoration laid on in the fluid 
clay called slip. Sometimes a dark 
ornament was laid on a light back- 
ground, sometimes the reverse was ac- 
complished. A liberal use was made 
of simple arrangements of dots, the 
nature of the technique naturally aris- 
ing from the character of material 
available. The slip was allowed to 
trickle from the spout of a vessel 
similar to an engineer's oil can, the 
method permitting a great freedom in 
the disposition of the lines. A fusible 
lead glaze supplied a brilliant finish to 
the pieces. These early potters exercised 
a certain genius in developing the dec- 
orative possibilities of colored clays and 
colored glazes. They produced the 
mottled wares known as agate and 
tortoise sh^ll, and are credited with 
the manufacture of the most natural 
clay ware of all time. 

About the year 1688 two brothers, 
named Elers, came from Holland and 
introduced many refinements of process 
and taste. These brothers were as 
secretive as potters always have held 
the reputation for being, and tradition 
asserts that they were wont to engage 
helpers of low mentality, in order to 
more safely guard their secrets. Re- 
port has it that two skilled English 
potters, by pretending to be weak 
minded, secured employment with them 
and later used the valuable informa- 
tion they secured to their own advan- 
tage. 

The Elers appear to have brought 
to England a knowledge of German 
salt-glazing, altho some authorities 
contend these processes were antici- 
pated by John Dwight, of FuUman, 
who was granted a patent in 1671 "for 
having discovered the misterie and in- 
ventions of Cologne ware." In either 
event, Staffordshire workmen were 
making quantities of salt-glazed pot- 
tery by 1720, and, later, with rare 
artistic success. 

Josiah Wedgwood, the most cele- 
brated English ceramist, was the 
author of the next great improvement. 
He developed the factory system of 
division of labor. The earlier potters 
had carried out all details of their work 
individually. Wedgwood so manip- 
ulated the processes of manufacture 
that each piece passed thru the hands 
of skilled designers, skilled wheel 
men, skilled decorators, etc., thus 
bringing each successive step of manu- 
facture to perfection. The innovation 
was a serious loss from the viewpoint 
of the craftsmen, but it laid the founda- 
tion for supremacy in pottery produc- 
tion which England still holds. Wedg- 
wood was a tireless investigator, spent 
money freely in securing skilled help, 
and his work stands unrivalled to the 
present day. He enjoyed the patronage 
of Queen Charlotte, hence the name 
"Queen's ware," which designated one 
of the many superior services which 
he created. 

Tke New Era Approaches. 

There only remains the story of 
porcelain to relate. In this respect, 
the influence of Chinese ware has been 
noted, but the only result was a series 
of imitations. The slip-coated wares 
of the East and the enameled wares 
of Spain, Italy, Holland and France 
were made white only by surface treat- 
ment. They lacked the substance of 
porcelain; they were neither dense, 
sonorous nor translucent. However, 
documentary evidence points to the 
making of porcelain, probably as an 
experiment, at Venice in 1519 and in 
Ferrara in 1576, but specimens of these 
wares are unknown. At Florence, 
about 1590, the renowned Medici por- 
celain was produced. This is now 
extremely rare; there is no example in 
this country and England possesses 
but six pieces. France has evidence of 
but one piece of porcelain, made at 
one of the faience manufactories at 
Rouen in 1690. The flrst real factory 
of soft porcelain was established at 
St. Cloud in 1695. 

The term "soft porcelain" should be 
explained. It has been recorded that 
the inspiration for European and 
Asiatic whitewares came from the dis- 
covery of Chinese porcelain, but the 
production of the latter was dependent 
upon the possession of a special clay 
and its associated rock (entirely pe- 
culiar to China) and the use of an 
especially intense fire. French porce- 
lain was in reality an evolution from 
fine faience, and was produced at a 
temperature Us^^ for cruder ware. 



The body or paste was composed of 
a mixture of fusible and infusible in- 
grredlents, such as potash, alum anjA 
sand, mixed together and agglomerate^ 
by firing. The mass was then reduced 
to a fine flour by grinding, and a small 
amount of plastic clay added in order 
to make a workable paste. After 
being shaped the pieces were subjected 
to a temperature just high enough to 
develop density and translucency. Too 
high a temperature would cause soften- 
ing or even melt the ware to a glassy 
mass. For this reason, also because 
a very fusible glaze is used, the ware 
became known as soft porcelain or 
pate tendre; it is thus merely an imita- 
tion of true or hard porcelain. Never- 
theless, so skillful were French potters 
and decorators that magnificent pieces 
were eventually made. 

The factory of St. Cloud was followed 
by the establishment of many others 
in other French provinces, due to the 
encouragement of the various arts by 
the ruling dukes and princes. It be- 
came a profitable trade to profess 
ability to make porcelain. Anyone 
with sufficient "bluff" could secure 
lucrative employment until his failure 
was detected; then he had only to 
pass on to the next prince, repeat hfs 
story, and go to work until his short- 
comings were again discovered. 

These abortive enterprises were 
punctuated, however, by the successful 
establishment of a venture at Vin- 
cennes, about 1750. Within three years, 
the French king acquired a third in- 
terest in this plant, and the title of 
Royal Manufactory was bestowed. In 
1756, the plant was moved to Sevres, 
and the king became sole owner. The 
soft porcelain of Sevres is so well 
known that its history may be passed 
over, except to say that in 1804 its 
manufacture was abandoned, and the 
plant has since worked hard porcelain 
exclusively. 

Hard Porcelain MsBnfactnre. 

Oermany is accredited with starting 
the manufacture of hard porcelain in 
Europe. The king of Saxony had made 
a collection of Chinese porcelains, and 
many attempts were made to produce 
a similar ware. In 1710 porcelain earth 
or kaolin was discovered. It is relatefd 
that kaolin was first sold as a hair 
powder and in some manner brought 
to the attention of a chemist, named 
Bottger. Being already acquainted 
with the composition of Chinese wares, 
this man was now able to manufac- 
ture a true hard paste, later known 
as Meissen or Dresden porcelain. An 
endeavor was made to keep the com- 
position a secret, but it was divulged 
by a workman, with the 'subsequent 
springing up of many factories, a few 
of which were successful. 

Holland, Russia, Italy, Spain and 
Portugal all contributed to the manu- 
facture of porcelain. 

Engllak Bone China. 

The first porcelain factory was 
founded at Bow, near London, in 1744. 
The composition of the first paste was 
based upon the soft porcelain of 
France, but there soon came into use 
a certain substance which has since 
characterized all English porcelain or 
chinaware — that is, phosphate of cal- 
cium in the form of burned bones. 
It is this ingnredlent that has caused 
English china to be known in this 
country as bone china. In 1748 an- 
other factory was built at Chelsea; 
and, later, one at Derby. The Wor- 
cester works, which has maintained 
an unbroken existence, was erected 
in 1761. 

During the nineteenth century many 
new enterprises were undertaken in 
Europe and America, due to an in- 
creased appreciation of all forms of 
potters' arts and to the increasingly 
diversified demand; but, as arts, time 
has not mellowed them sufllciently to 
assign them a definite place in epochs 
of clayworking history. 

112 — CERAMIC SCHOOLS. — In late 
years the necessity of an engineering 
education along ceramic lines has led 
to the establishment of schools and 
colleges which teach the theory and 
practice of every operation around a 
clay products plant. The course lasts 
four years and the successful gradu- 
ates receive a degree in Ceramic En- 
gineering. The improvements and 
benefits that have attended the partici- 
pation of these graduates in the opera- 
tion of the industry far more than 
Justify these courses. The attendance 
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48 steadily increasing-, and the prin- 
cipal trouble is to obtain the funds 
that are necessary to put up the build- 
ings and buy the equipment that is 
required. Some of these colleges have 
a special two year course for students 
tliat have studied general engineering 
and at times there are special courses 
that last only a few days or weeks, 
intended for practical men in the in- 
dustry who cannot devote more time 
tt> attendance. They obtain much val- 
uable instruction, however, that assists 
them in whatever work they are doing. 
Following is a list of the ceramic 
colleges in the United States: Univer- 
sity of Illinois. Urbana, 111.; Iowa State 
College, Ames, la,; New York State 
School of Clay-Working and Ceramics, 
Alfred. N. Y.; Ohio State University, 
Columbus, Ohio; Rutgers College. New 
Brunswick. N. J. 

11» — CHAIN, AUTOMOBILB AND 
TRUCK, NON-SKID.— These chains are 
made in exact lengths to place on a 
wh.eel of an automobile or truck when- 
ever the machine drives onto a wet 
slippery street or road, or into any 
mud or soft dirt. The object in the 
first case is to provide enough trac- 
tion to prevent skidding or slipping 
on the wet pavement, and in the second 
case to provide enough traction or 
resistance to the mud or soft earth 
to enable the wheel to revolve with- 
out any difficulty and pull the machine 
out of the danger. For automobiles 
these chains are usually made to fit 
all around the wheel with short pieces 
of chains crossing the wheel at in- 
tervals. For trucks, the chains are 
uaually short, to fasten around the 
wheel at one point and to fit around 
one spoke. 

MANUFACTURER (see catalog sec- 
tion): 

Link-Belt Company. 

114 — CHAIN BLOCKv>-A chain block 
is a portable hoisting device which 
enables one man to raise and lower 
very heavy loads. One of its most 
useful features is the ability to sus- 
tain the load at any point. It is oper- 
ated by pulling a chain, and the enerflry 
or power is transmitted to the chain 
holding the load by means of wheels 
that engage the chain and In some 
y^^l ^y means of gearing in addition. 
A differential chain block Is suited for 
loads from one-half ton to three tons. 
A duplex worm-geared chain block Is 
suited for loads from one-half ton to 
J^ tons. A triplex spur-ffeared chain 
block is suited to loads from one-half 
ton to 20 tons. The triplex works 
alower on a given load of, say, three 
cons than does the duplex, and the 
duplex works slower than the differen- 
tial. For this reason the capacity is 
not the only item to consider In pur- 
•hasing a chain block. The many 
pieces of heavy machinery found around 
a clay products plant make it Im- 
perative that chain blocks be used and 
in most cases several sizes are found 
advantageous. Machinery can be placed 
tn position easier, more accurately, and 
with more safety. The same holds 
true of making repairs. A chain block 
will pay for itself in a very short 
time. One of the uses not found as 
often as it should be found is in rais- 
ing and lowering dampers of con- 
pnuous and intermittent downdraft 
kilns. Too often a damper is set by 
a rod supported by bricks or a block 
of wood. This is inaccurate and the 
flreman has a temptation td leave it 
undisturbed longer than he should. 
(See Dampers.) »""uau. 

MANUFACTURER (see catalog sec- 
tion): 

Waller Manufacturing Co. 

CHAIN CONVBYOR, see Conveyor, 
chain. 

115--OHAIN DRITB, SPROCKBST.— 

A chain consists of a series of malle- 
able iron links, which are joined to- 
gether by flexible joints. A chain is 
used in many places to drive a machine 
or part of a machine, where the dis- 
tance between shafts is small or where 
n is hard to keep a belt in place. A 
chain drives over a sprocket wheel in- 
stead of using- a pulley like a belt. 
The power delivered by a chain is 
positive, as there is no slippage and 
friction of the shafts is reduced be- 
cause the chain does not have to be 
as tight as a belt. Elevators, represses, 
dryers, etc. are some of the places 
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MANUFACTURERS (see oataloff sec- 
tion): 

Caldwell Co., W. E. 

International Clay Machinery Co. 

Link-Belt Company. 

Weller Manufacturing Co. 
116 — CHAIN, LOAD.— A load chain 
consists of a series of links or rings, 
connected or fitted into one another 
for holding a load. The links or rinffs 
are made of bar metal, cut and made 
into the proper shape and welded. The 
quality of the iron or steel in the bar 
from which the chain is made and the 
size of the bar are factors that deter- 
mine the strength of the chain. Of 
course the welds must be stronff 
enough to hold the full capacity of 
the chain. Chains of this type are 
used in chain blocks, and short pieces 
are used around beams and rafters of 
buildings and also around machinery 
for fasteniner the upper and lower 
hooks of the chain blocks. The main 
use, however, around a clay products 
plant is in steam and electric shovels 
and other digging and hoisting ma- 
chinery, when the work to be done 
or the load to be carried is too crreat 
for practical use of a wire rope or 
steel cable. All of the heavy duty 
type of shovels use a chain for hoist- 
ing: the dipper. 

MANUFACTURERS (see catalog sec- 
tion): 
Link-Belt Company. 
Weller Manufacturing Co. 
117 — CHAMBER. — A chamber is a 
small kiln or room of a continuous 
kiln. Usually only one chamber is 
being burned at a time and the warm 
air is being drawn from those that 
have been burned. The hot gases from 
the burniner chamber are sent thru 
the chambers that are to be burned, 
preheating and water-smoking them. 
Some continuous kilns do not have 
chambers but are built like a very 
long rectangular kiln, and temporary 
removable partitions are placed in the 
setting. These partitions really form 
chambers until removed. (See also 
several items headed Kiln, continuous.) 
^118 — CHARTS, GRAPHIC, BTCr— 
These are used to visualize the varia- 
tion in cost, quantity of production, 
loss and in fact any phase of factory 
operation. The usual type consists of 
any number of cross section lines, that 
is, lines drawn vertically and horizon- 
tally at uniform distances. They are 
used by consideriner one set of lines, 
say the vertical lines as representlnflr 
spaces of time. Thus every vertical 
line can represent a day or a month 
or any period of time. The horizontal 
lines represent units, divided equally 
but with any range desired. The chart 
Is used by makingr a dot where each 
date or vertical line crosses the line 
representing the number of units made 
that day, or the cost or whatever it 
is desired to show on this particular 
chart. The dots are either connected 
by short lines making what is called 
a crooked line that goes up and down 
as the production or cost goes up or 
down, or the vertical lines are drawn 
very heavy from the dot to zero or 
lowest unit or horizontal line. The 
result is that no matter how little edu- 
cation anyone has, he can see vividly 
how the cost and ivroduction vary. 
If the former goes up and the latter 
down, it is evident that an investiga- 
tion must be made to determine the 
cause and find a remedy. Charts show 
the necessity for an Improvement and 
Change much quicker, very much 
quicker than plain figures. 

MANUFACTURER (see catalog sec- 
tion): 

Brown Instrument Co. 
119— CHASBIUMILIi. — Chaser-mills 
are often used in stoneware factories 
m the preparation of raw material, 
and may be considered as a form of 
wet pan. They consist primarily of a 
circular iron pan which contains a 
revolving frame to which are attached 
two narrow iron wheels, 30 to 36 ins. 
in diameter. As the frame revolves, 
the wheels, by means of gearlncr. 
travel around the pan in a spiral path. 
The clay and water are placed In the 
pan and the action of the wheels 
grinds and cuts It up, the tempering 
requiring from one to two hours. The 
action of the machine is quite thoro, 
but considerable power is required to 
operate. 

MANUFACTURERS (see catalog sec- 
tion) : 

Hadfield-Penfleld Steel Co. 
Stevenson Co. 
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120— C H E M I C A L PORCELAIN* — 

This covers such ware as crucibles* 
etc., used in the chemical industry. 
The composition is close to 26% flint. 
25% feldspar, and 50% clay. Frequently 
some talc is added. This crrade of 
porcelain is usually made very thin, 
and burned to Cone 15 or 16, the glaxe 
being matured at the same temper- 
ature. The biscuit flrinff is usually 
done at Cone 09 to 4 or 6. 

CHIMNEY, see Stack. 

CHINA CLAY, see kaolin, ball clay, 
sasrger clay and other descriptions un- 
der Clay; and the several entries under 
Chinaware. Porcelain and Pottery. 

121 — CHINAWARE.— The varieties 
and qualities of china or porcelain and 
the uses to which they are put are 
highly diversified, including such goodB 
as the finest table and ornamental 
wares; goods particularly adapted to 
notel and restaurant uses; fine qualities 
oi kitchen, sanitary, laundry, and toilet 
utensils; door furnishinsrs; electrical 
insulators in great varieties; vitrified 
tiles, etc 

The distinctive feature of china or 
porcelain is its translucency and vit- 
reous or glassy fracture. This quality 
is produced by using a larger per- 
centaere of fusible material than Is 
used in the manufacture of earthen- 
ware. Different countries produce this 

If^^^i ,5^ ^^\ V^® o' different mate- 
rial, feldspar being the principal mate- 
rial used in United States, but the 
finest ^ade of chinaware produced in 
Great Britain, possibly in the world, 
is made from the admixture of the 
phosphate of calcium or ground bones. 
This is known as "bone china" in con- 

««^2i*y''''J^l''° ^° "«P*r" or 'felds- 
pathio ' china. 

^S^^ *?®"^^i' distinction made be- 
I J^fu?* ^^®v^*?®''®^' ^yP®» of porcelain 
flli?*! °^ hard and soft porcelain. The 
Snfffi^r"^ Includes all of the com- 
positions which are matured at Cones 
ir" ♦ li ^^^ latter comprises those fired 
at temperatures below Cone 10. Ameri- 
can porcelains are located at the divid- 
ing line between these two classes, 
and overlap into the field of softe/ 

?n^*i?5-ifi^*'? porcelain may vary in 
composition between 45-60% clay sub- 

Tn^rT^^i^-^tl^. ^"S^^*' 20-36% ftldspar. 
T^.^:J^^ whltinfir (calcium carbonate)! 
A commonly used body of this type 
?aM-j;i' ^^ i^SS^olay Substance. 20% 
il^^F^J^* .*?.** 80% quartz. The main 
characteristic of European hard por- 

Snlv "io'l ^St' .*^*'*^'^** Z"-*"* IB oai??ed 
2fn *«^**l°^ temperature, about Cone 
V^L \°^ ^^^ ^.^ost fire to Cones 13-14. 
The body matures, therefore, at the 
same time the glaze is fused to a 
tiVi^Kl^^'^^ smooth glass. This means 
h«rLi^®v, ^^*!® "l"8' *>o of a much 
of i®»ri*°*'*'"*^^®',.,J*^*» the boro-silicate 
SLoTJ?**®!"^***®- ^^^ ™ost fusible por- 
g^tlSs ?!fr^rSufa?^^"^^^ '' represented 

^i? So / ^-S A1K>.. 6 SiO, 

So?i?*^l®?.*?' ^^?:\ ^^^^^ feldspar. 70 

fU'So ^*^*y."?' ^^-^ ^^^^^ kaolfn. and 
io5 parts filnt. 

The higher the temperature of the 
glost burn the more silica and alumina 

^7ffl«5il^*®* ™iV^?' contain. The more 
difficultly fusible glazes may reach the 
limiting composition; 

0.2 KiO ) , *, /^ ..« «.^ 

.8 CaO j 1 -A.bO«. 10 SiOi 

composed oi: 111.2 parts feldspar. 80 
parts whiting, 206.4 parts kaolin, and 
432 parts fiint. 

Extremely hard glazes of this type 
are used on the porcelains of Danish 
and Swedish manufacture. Frequently, 
porcelain glazes are made somewhat 
more fusible by replacing the lime 
in part by magrnesia introduced as 
magnesite. 

The "soft" porcelains are represented 
chiefly by three types; (1) bone china, 
(2) Parian porcelain, and (3) the 
Japanese porcelain with its modern 
adaptations, the "new" porcelain of 
Sevres and Seger porcelain. 

«^S?"^ ^^J^Si '? ^5® typical vitreous 
product of England, characterized by 
its beautiful texture and adaptability 
to rich decoration. It is composed of 
from 40 to 50% of bone ash (calcined 
bone), 20 to 30% Cornish stone, and 
25 to 30% clay substance. It is a 
body requiring considerable skill in its 
manufacture. The biscuit burn is car- 
ried to Cones 6-10, while the slaze 
Is fused on at the temperature of 
white ware glazes and corresponds 
closely to the latter. v""«o 
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Parian porcelain Is Intended prin- 
cipally for the manufacture of unKiazed 
Statuary and flgures, and In thia coun- 
try Ih used for manufacturlnK white 
floor tlleH. It [h compoeed of E0% 
feldspar. 40% clay substance, and 10% 
tlint. Its burning temperature Is car- 
has an agreeable matt teiture without 
the glassy sheen of the usual porcelain 

Japanese porcelain la very white and 
translucent and Is characterized by a 
bis'h feldspar and low clay content. It 
has been reproduced In France as the 
new Sevres body, composed of iO% 
Clay substance. 24% quarts, and 26% 
feldspar. All of the feldspar and parts 
of the quartz are introduced as peg- 
matite. The body la blsculted at a low 
temperature and Is matured simulta- 
neously with the giaze at about Cones 
f>-10. The formula of the elaze, ac- 
cording to Rleke, In "Das Poraellan," 
Is as follows: 

0.06 KiO ) 
.09 Na>0 y D.G AliOi, 4.21 SiOi 
.86 CaO I 
composed of 42.1 parts feldspar (from 
southern France), 27.2 parts sand, 13 
parts kaolin, IT.T parts chalk (It should 
b« noted that the composition thus 

i:lven does not check with the above 
ormula. assuming the usual constttu- 
Uon of the materials). 

The Seger porcelain, so-called after 
the German ceramist, consists of 26% 
clay substance, 4B% quartz, and 30% 
feldspar. This body Is also bisculted 
at Cone 010 and matured with the glaze 
at Cones S-IO. The composition of the 
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of 168.8 parts feldspar, 70 

parts whiting, 51.6 parts kaolin, and 
108 parts lllnt, Seger porcelain is used 
mostly for making art pottery. 

(For origin and development of this 
Industry, see Ceramics, a history of.) 

laz—CHlSBLS.— Metal tools Or In- 
struments with a cutting edge at the 
«nd of a blade, used In cutting, dress- 
ing, shaping or otherwise working on 
timber or metal, A wood chisel gen- 
erally has the bevel alt on one e^ge, 
but a metal chisel usually has a bevel 
from two edges. Tiie cutting edge ol 
a. chisel may be narrow or wide and 
the bevel may be sharp or not depend- 
ing on the work It la Intended to do. 
A chisel for cutting hot Iron, for in- 
stance, has a much blunter point than 
the same sized chisel for cutting cold 
iron. Blacksmith's chisels usually 
have a handle which tits thru a hole 
near the top. All chisels are made 
from tool steel and the cutting edges 
must be tempered according to the 
work to be done. (See also Tool steel.) 

123 — CHHOHB. — Chromic ozlde, 
CriOi. Is not fusible at temperatures 
used In any Industrial practice. Chrome 
brick are made from chrome Iron ore 
(FeCriOt), and after allowing for the 
binding material the brick are found 
to contain about iO% of chromic oxide. 
It Is very valuable, therefore, as a high 
grade refractory, and it has the addi- 
tional property of resisting the chem- 
ical action of slags, gases and dust. 
It Is valuable principally In steel and 
metallurgical furnaces, where the heat 
and chemical aotloi 
" I linings. The 



. _ . > destroy 
„„„ .... valuable de- 

Soslts of chromite are found in Oreece, 
ut during the European war deposits 
In the states along the PaclOo coast 
were developed. Chrome briolc are 



a cattle suspended from a 
hoom. Various types are maue, «. g., 
scraper, orange peel, single hook, auto- 
matic Alt are controlled at a distant 
point by the tightening and loosening 
of cables. Their use Is for picking up 
olay, dirt. coal, ashes, stone or other 

■- material and transporting '- 

• po- - '- '--' • 

products. 

MANUFACTURER (see catalog s 

tlon): 
Williams Patent Crusher A Pulv 



Williams Patent Crusher A Pulver- 
izer Co.. St. Louis, Mo. Manufac- 
f Patented Deck Sweeper 
Inders ft S " " 

Ising from lime. 
ISB — CLAY. — The word clay Is 
applied to those earthy materials oc- 
curring In nature whose prominent 
property Is that of plasticity when 
wet. Because of this plasticity, they 
may be molded Into practically any de- 
sired shape, which Is retained when 
dry. In addition. If heated to redness, 
or higher, the material becomes hard 
and rock-Ilke. Physically, clay Is made 
up of a number of small particles 
mostly of mineral character, ranging 
from grains of coarse sand to particles 
of microscopic size, ur under one one- 
thousandth of a millimeter In diameter. 
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chemically many different compounds. 
Huch as oxides, carbonates, silicates. 
hydrpxl^dea -■ 

Clay deposits, however, vary so 
greatly in physical condition and In 
chemical composition that It la dim- 
cult to group them In fixed classes. 
Also, the methods employed In work- 
ing clays, combined with the ' 
Innumerable uses to which " 
kinds of clay are put, make It neces 
rding to Its In. 
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qulrements of 'the particular branch 
of trade for which It Is Intended. The 
primary object of the clayworker Is 
to use the clay at his disposal, and 
repeated analyses of clays used In 
making brick, blocks, tiles and pipes 
are seldom necessary. Frequent tests 
are, however, essential to successful 
practice In the working of refractory 
clay, and of clays used In the produc- 
tion of porcelain and other high class 
wares. In fact, the closest possible at- 
tention Is Imperative In the manufac- 

regards the clays used, but also as 
regards the other materials employed, 
without which the clay is practically 
useless to the potter. 

In the following paragraphs a brief 
description of the various clays found 
In this country Is given beginning 
with the highest grades, with fur- 
ther reference to the uses to which 
each kind of clay Is put. 
Kaolin. 

Kaolin, as It Is commonly accepted, 
refers to those white burning elays of 
residual character, which are composed 
mostly of silica, alumina, and chemic- 
ally combined water, and have a very 
1 — ntage of fluxing Impurltir- 
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In rarer Instances from feldspathlc 
quart zltes, limestone, and talcose 
schists. There are other occurrences, 
such as those of Bdwards County, Tex., 
and the Indlanalte of Indiana, whose 
origin seems doubtful. Also, In the 
coastal plain of the Southern Atlantic 
States, white burning sedimentary 
clays are found which are sometimes 
called kaolins, but these are usually 
classed as plastic kaolins to distin- 
guish them from the residual kaolins. 
The known workable deposits of 
kaolins found In United States are 
located east of the Mississippi river, 
except those found In Missouri, Utah 
and Texas. Deposits of this type may 
contain a high percentage of the min- 
eral kaolinite (see this entry), this 
being assumed because after washing 
the sand out of such materials, the 
Hlllcs, alumina, and water In the re- 
maining portion are In much the same 
ratios as In kaolinite, altho other 
aluminous illlcates may at times be 
present. Properly, while the term 
kaolin Is sometimes applied to any 
residual clay. It la generally agreed 
that it should be restricted to white 
burning clays. Tested physically, 
kaolins all show a low air shrinkage. 
low tensile strength, are white burn- 
ing and usually highly refractory. The 
kaolin of North Carolina, considered 
the best In this country has a fusion 
point of about cone 33, which la 1,T30 
deg. C. (3,146 deg, p ). 

Porcelain and china ware are made 
from kaolin. " 



Ball Clay. 

Ball clay Includes those white burn- 
ing plastic clays of sedimentary char- 
acter which are used as a necessary 

order to give the body sufflclent plas- 
llclty and bonding power. They mjist 
contain little or no Iron oxide, and 
possess good plasticity and tensile 
strength. They have a high drying 
and burning shrinkage and vitrify ftt 
a lower temperature than kaolin. This 
Is due both to their One grain and 
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>all clay most commonly used 
uuiiiHH from England, Tennessee or 
Kentucky. Florida, New Jersey, and 
Missouri also have deposits. Refrac- 
toriness Is a desirable quality, the Im- 
ported ball clays vitrifying at or near 
cone S. and the native clays requiring 
a higher heat for vltrlQcatlon. 
Fire Clay. 

The term Are clay, properly speak- 
ing, refers to those clays capable of 
withstanding a high degree of heat: 
and. In the opinion of some authori- 
ties, no clay should be classed as a 
lire clay unless Its fusion point Is 
higher than that of cone 27. The com- 
mon practice of grading, as In some 
localities, both Are clays and brlek 
clays as No. 1 and No. 2, Is admittedly 
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Fire clays contain practically all the 
substances usually determined by the 
ultimate analysis, but In every gotid 
Are clay the total percentage of oer- 

oxlde. lime, magnesia, 'and alkalies, is 
small. This Is essentially true, be- 
cause. If nuxlng Impurities were pres- 
ent In large quantities, the clay would 
fuse at comparatively low tempera- 
tures and could not be classed as re- 
fmrtorv An jn kaolins, the chief con- 
flre clays are silica. 



. color, tensile strength, i 

physical properties, all of which affect 
the behavior of the clay during Ihe 
. *... ...jj ^Qj,g g, 

f'ulde In 
ractorl- 

Color may help under certlkin 
ouiiuitlons, as pure white clays lUtd 
light yellowish clays are often at least 
semi -refractory and sometimes hlKUy 
refractory. Some fire clays are tinged 
a deep yellow or yellowish red, as 
tho they contained considerable Iron 
oxide, and yet they have excellent 
heat resistance. If the clay Is black 
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telling 

these conditions," a clay with very Tittle 
Iron oxide and one with very much 
might outwardly appear the same. 

Fire clays may be of either residual 
or sedimentary origin, the latter being 
the more Important commercially. This 
olasB Is further subdivisible Into plas- 
tic Are clays and flint days. The 
former are plastio when wet, the lat- 
ter are hard and flint-like, with a 
smooth, shell-like fraotiire _and dlipse 



manufacture of various shapes of irt 
brick, but In addition they are used 
wholly or In part In the manoIaoCpre 
of gaa and sine retorts. locomotive 
and furnace linings, crucibles, door 



Clay 



CLAT PRODUCTS CYCLOPEDIA 



CUy 



tiles, terra cotta, conduits, pressed and 
paviner brick, etc. 

A special grrade of fire clay, obtained 
from Pennsylvania and Missouri, or 
imported from Germany, is known as 
srlass-pot clay, and is used in the man- 
ufacture of erlass pots and blocks for 
grlass-tank furnaces. 

Stoneivare Clay. 

Stoneware is usually made from a 
refractory or semi-refractory clay, al- 
tho In some small potteries a much 
lower grrade of material is used. Fre- 
quently, the material is as refractory 
as that used for fire brick, but differs 
from the latter in burning to a very 
dense body at a comparatively low 
temperature. It should have sufllcient 
plasticity and tougrhnass to permit its 
being: turned on a potter's wheel. The 
non-plastic grains may ran^e from 
0.002 to 0.01 of an inch in size. Coarse 
sand renders the clay so absorbent that 
it will not hold its shape in turnlngr. 
The percentagre of fiuxes must be 
largre enough to insure partial vitrifi- 
cation so that the bodv of the ware is 
made substantially impermeable to 
liquids, and at the same time the clay 
must be sufllciently refractory to keep 
its shape in a salt-grlazing: heat. A 
tensile strengrth of 125 lbs. per sq. in. 
or over is desirable, and the clay 
should also show low fire-shrinkage. 
Concretionary minerals, such as iron 
or lime, which are liable to cause 
blisters, should be avoided. Orton 
(Ohio Geol. Surv., VII, p. 96) grives the 
following: average of ten separate 
analyses of stoneware clays in use in 
Ohio potteries: Clay base, 56.65; sandy 
matter, 37.45; fiuxingr matter, 4.44; 
moisture, 1.57; total, 100.14; total silica. 
65.09. 

Stoneware clays are found in certain 
portions of New York, New Jersey. 
Missouri, Texas, Ohio and Indiana, and 
are used not only for the manufacture 
of all grades' of stoneware, but also 
for yellow ware, art ware, earthen- 
ware, and recently even for terra cotta. 

Terra Cotta Clay. 

Terra cotta is made from many dif- 
ferent kinds of clays, altho most 
terra cotta manufacturers are now 
using semi-fire clays, or a mixture of 
these with a more impure clay or shale, 
since these give the best results at the 
temperatures (cone 6-8) usually at- 
tained in their kilns. Some are used 
because of their dense burning char- 
acter and bonding power, others be- 
cause of low shrinkage and freedom 
from warping, w^hile absence of soluble 
salts is an important as well as desir- 
able property in all. Buff burning 
clays are commonly chosen, partly be- 
cause they burn to a hard body at the 
desired temperature, and there is little 
danger of everburning. Color of body 
.has no great importance, since the final 
color is applied superficially. Soluble 
salts are undesirable, because in dry- 
ing they may come out thru the color- 
'slip; but they can be rendered insoluble 
if necessary by treating the clay with 
barium chloride or carbonate. 

A tabulated statement of properties 
of clays used for terra cotta manufac- 
ture would involve an extensive list, 
but it is interesting to note the proper- 
ties of a terra cotta mixture used In 
a large eastern factory, the tests being 
made on a soft green body as tempered 
at the works (see N. J. Geol. Surv., VI, 
p. 270, 1904). Its physical properties 
were as follows: 

' Air-shrinkage, 4 ^ % ; tensile strength, 
97.5 lbs. per sq. in. Its behavior in 
burning was as follows: 

Fire-shrinkage; 1.5% at Cone 01, 
4.8% at Cone 5. 5% at Cone 10. Hard- 
ness; not steel-hard at Cone 01, nearly 
steel-hard at Cone 6. Absorption; very 
absorbent at Cone 01, slightly absorb- 
ent at Cone 6, nearly impervious at 
Cone 10. Color; pale buff at Cone 01, 

gray buff at Cone 5, gray buff at 
one 10. 
^ In making terra cotta the clay is 
not carried to temperature of Cone 10, 
as there would be danger of its warp- 
lAg; but it is usually fired between 
Cones 6 and 8, the danger being largely, 
It not entirely, diminished at this point. 
Clays suitable for terra cotta manu- 
facture are widely distributed, but 
those mostly used in this country are 
the Cretaceous of New Jersey and the 
Carboniferous of Pennsylvania, In- 
diana, and Missouri. 

J9ewer Pipe Clay. 

A's sewer pipes must be vitrified in 
burning, they require a clay high In 
flux^es, and th« clays used are very 



similar to those needed for paving 
brick manufacture. Ordinarily, some 
fire clay is mixed in with the vitrlfiable 
material, to hold Its shape better in 
burning. A high iron percentage is 
said to aid the formation of the salt 
glaze with which the pipes are covered, 
but a high percentage of soluble salts 
is objectionable. 

Sewer pipe clays in eastern and 
central states are obtained chiefiy from 
Carboniferous formations, and to a 
small extent from Devonian ones. The 
Cretaceous and Tertiary beds of the 
coastal plain states are not as a rule 
adapted to sewer pipe manufacture; 
but in the Rocky Mountain region and 
Black Hills area some of the Cretaceous 
clays have good vitrifying qualities. 
Pleistocene clays are used only to mix , 
in with other materials. Two of the 
necessary qualities of sewer pipe clay 
are that it contains enough silica and 
stands sufiflclent heat to combine with 
the fumes of salt to produce the re- 
quired glaze. 

Common Brick Clays. 

Clays or shales used for common 
brick are usually of a low grade, and 
in most cases red burning. The main 
requisites are that they shall mold 
easily and burn hard at as low a tem- 
perature as possible with a minimum 
loss from cracking or warping. Many 
common clays or shales when used 
alone show a higher air- and fire- 
shrinkage than is desirable, and It is 
customary to decrease this by mixing 
some sand with the clay or by mixing 
a loamy or sandy clay with a more 
plastic one. 

Common brick clays vary widely in 
their composition, but most of them 
contain a rather high percentage of 
fiuxing impurities. The chemical com- 
position of common brick clays is of 
importance in affecting the color-burn- 
ing qualities, but the physical char- 
acteristics are even more important. 
as they affect not only the color in 
burning but often exert an influence on 
the process of manufacture to be 
chosen. 

Common brick clays are widely dis- 
tributed, both geologically and geo- 
graphically, among them being the 
adobe clay and loess clay of common 
occurrence west of the Mississippi 
River. 

Adobe clay is a calcareous silty clay, 
common thruout the southwestern 
states and much used for making sun- 
dried or adobe brick. 

Loess is the term applied to exten- 
sive Pleistocene deposits, which are 
- not unlike adobe, but regarding whose 
origin there has been much dispute, 
some claiming them to be of sub- 
aqueous origin, while others consider 
them to be aeolian formations. The 
loess is a common deposit thruout 
the Mississippi Valley, and much used 
for brick making. 

Face Brick Clays. 

The clays now in use for face 
brick fall principally into one of three 
groups — (1) red burning clays; (2) 
white burning clays; and (3) buff burn- 
ing clays, usually semi-refractory. 
The physical requirements of a face 
brick clay are (1) uniformity of color 
in burning, (2) freedom from warp- 
ing or splitting, (3) absence of sol- 
uble salts, and (4) sufilcient hardness 
and low absorption when burned at a 
moderate temperature. The air-shrink- 
age and fire-shrinkage, as well as 
tensfle strength, vary within the same 
limits as common brick. 

Red burning clays were formerly 
much used, but in recent years prefer- 
ence has been given to other colors. 
Buff burning, semi-refractory or re- 
fractory clays are now widely used, 
partly on account of their color and 
partly because coloring materials can 
be effectively added to them. These 
artificial coloring agents are used be- 
cause of the limited range of colors 
that can be produced In burning. 
Manganese is the one most employed. 

Face brick clays must necessarily 
burn hard at a moderate temperature. 
In the case of red burning clays the 
temperature reached may range from 
the fusing point of Cone 06 to Cone 
2, while for buff burning clays it is 
commonly necessary to go to Cone 7 
or 8 to get a steel-hard brick, unless 
calcareous materials are employed, and 
these are not burned above Cone 3, or 
even Cone 1. 

Enameled Brick Clays. 

These are similar to the clays em- 
ployed in the manufacture of buff 



pressed brick. The enamel is. of course, 
an artificial mixture, but must con- 
form to the clay body to avoid crack- 
ing or scaling off of the coat. 

Pavinir Brick Clays. 

A considerable variety of materials 
is used for paving brick manufacture, 
ranging from common surface clays to 
semi-refractory ones, but those most 
frequently employed are impure shales, 
these being often found to give the 
desired vitrified body at not too high 
a temperature. Shales of this char- 
acter are widely distributed, geologic- 
ally and geographically, but those 
most extensively worked are in the 
Carboniferous of Ohio, Pennsylvania, 
Indiana and Illinois. Devonian shales, 
in New York and Maryland, have 
yielded excellent results, and in the 
western states, Colorado, for example 
the Cretaceous shales are of impor- 
tance in this connection. 

Analyses of paving brick shales by 
the Missouri Geological Survey and the 
Iowa Geological Survey show a rather 
high percentage of total fiuxes. 

Clays for paving brick should pos- 
sess fair plasticity, since they are com- 
monly molded by the stiff-mud process; 
they should have good tensile strength, 
and a range of not less than 250 deg. 
F. between the points of incipient vit- 
rification and viscosity. 

Fircprooflng and Holloiv Brick Clays. 

The clay used for making hollow 
brick and fireproofing vary with the 
locality. In a number of yards where 
red brick are manufactured the red 
burning surface clays of Pleistocene 
age are employed. In New Jersey, a 
mixture of red burning sandy clay and 
a small amount of low-grade fire clay 
is chosen. In the states of the eastern 
and central coal-measure areas, as in 
Pennsylvania, Ohio, Indiana and Illi- 
nois, Carboniferous shales are widely 
used. 

For this reason it is difldcult to give 
any fixed set of requirements for raw 
materials of this class. - In general, 
however, they should have sufficient 
plasticity to fiow smoothly thru the 
peculiar shape of die used in making 
them; they should possess fair tensile 
strength and burn to a good hard, but 
not vitrified, body at a comparatively 
low cone. 

Slip Clays. 

A slip clay is one that contains such 
a high percentage of fluxing impuri- 
ties, and is of such texture, that it 
melts at a low cone to a greenish or 
brown glass, thus forming a natural 
glaze. It must be flne-grained, free 
from lumps or concretions, show a low 
air-shrinkage, and mature in burning 
as little above Cone 5 as possible. 
While easily fusible clays are not un- 
common, all do not melt to a good 
glaze. 

A good slip clay (see la. Geol. Surv., 
XIV, p. 224) makes a glaze w^hich is 
free from defects common to artificial 
glazes. It will fit a wide range of 
clays, and since it is a natural clay 
it will undergo the same changes in 
burning as the body on which it is 
placed. Artificial mixtures of exactly 
similar composition to the natural 
clays have failed to give the excellent 
results as to gloss or color that are 
attained by the natural clay. 

Several fair slip clays have been 
found in different parts of the coun- 
try, but the most thoroly satisfactory 
material comes from Albany, N. T., and 
is shipped to all parts of United States 
for potters' use. 

Gumbo Clay. 

This class includes certain fine- 
grained, highly plastic, tenacious clays 
of surface character, which are found 
at many points In the western central 
states. Their high shrinkage and 
dense character prohibits their use for 
brick making, but they are found ex- 
cellently adapted to the manufacture 
of railroad ballast. 

Retort Clay. 

A dense-burning, semi -refractory 
clay used largely in the manufacture 
of gas retorts and zinc retorts. In 
New Jersey this name is often applied 
to stoneware clays. 

Pot Clay. 

Used for the manufacture of glass 
pots; a very dense-burning fire clay. 
It ranges from a highly refractory to 
a refractory clay. See the paragrraph 
headed fire clay above. 
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'Ware Clay. 

A term sometimes applied to ball 
clays, especially in the Woolbrldse, 
N. J., district. 

Pipe Clay. 

Applied to almost any fine-ffrained 
plastic clay; technically, it refers to a 
clay used for making: sewer pipe. 

Saircer Clay. 

This term is applied to clays which 
are used in a mixture for making: the 
BAsgerB in which the whiteware and 
other high errades of pottery are 
burned. They are commonly rather 
siliceous in character, altho some may 
be used because of their bonding: pow- 
er and freedom from srlt to hold the 
more porous grades togrether. Physic- 
ally, sae:8:er days are not confined to 
any one type. Their refractoriness 
varies from that of a refractory to a 
semi -refractory clay. 

Wad Clay. 

A low g:rade of fire clay, used for 
fiTouting: the Joints between the sag:- 



Ultramarlne llaniifaetiire. 

Washed kaolin or even very fine- 
erralned white sedimentary clays are 
used in the manufacture of ultrama- 
rine to serve as a nucleus for g:ather- 
inff the coloring: material. For this 
work the clay should be as low in iron 
or lime as possible, and an excess of 
silica is undesirable. 

Pollsklnc and Abrasive Materials. 

Many clays exert a combined polish- 
ing: and abrasive action, because of the 
very finely divided g:rains of sand they 
contain. The well-known bath brick, 
used extensively in homes for scouring: 
steel utensils, is simply a fine-grained 
siliceous clay, which is deposited dur- 
ing: hig:h tide on the banks of the Par- 
rot river In Eng:land. 

Some clay is used for bonding: pur- 
poses In the manufacture of corundum 
wheels. They are burned before use, 
so that the clay vitrifies and holds the 
corundum grains together. 

12BA — CLAY» CHEMICAL ANALYSIS 
OF.^ — The attached table taken from 
Ries' Clays, Occurrences, Properties 



Analyses showing 


Variation in Composition otf Ox, ays 




I II. 


HI. 


IV 


V 


VI. 


VII. j VIII. 


IX. 


X. 


8iUca (SiO«). 


46.3 


46 70 


67 62 


59 92 


68.62 


82.45 


54.64 38.07 


90.00 


47 92 


Alumina (Alfy). . 
Ferric oxide (Fe<Oj) . . 
Ferrous oxide (FeO). . 


39.8 


40 61 


24.00 


27 56 


14.98 


10.92, 14 62 


9 46 


4.60 


14 40 


• 


1-39 


1.9 


1 03 


4.16 


1 08 


5.69 


2.70 


1.44 


3 60 


• • • 


• ■ ■ 


1.2 


• • 


■ • ■ 


• » 


m 




• 




Lime (CaO). 
Magnesia ( MgO) . - . . 
Potash (KfpT. 
8oda (Na^ . . 


• ■ • • 


.45 


.7 


tr/ 


1.48 


.22 5.16 


15.84 


.10 


12.30 


• • • ^ 


.09 


.3 


tr. 


1.09 


.96 


2.90 


8.50 


.10 


1.08 


• • • • 

• • 


2.82 

• • 


6 
2 


} .64 


3.36 




5.89 


2.76 


Jtr. 
Itr. 


1.20 
1 50 


Titanic oxide (TiOa). . . 


• • • 


• • • • 


■ • 


• ■ • 


• • • • 


1.00 


• ■ • • 




.70 


1 22 


Water (H|0). 


17.9 


8.98 


10.5 


9.70 


3.55 


2.4 


3.74 


}2.49 


j3.04 


4 85 


MoLsture. .. . rt^. . 


• • • • 


.35 


2.7 


1.12 


2.78 




.86 




Carbon dioxide (COi). .. 
Sulphur trioxide (SOs). 


• • • 


• • • 


« • « • 


• • • • 


• • • • 


• • « • 


4.80 


20.46 


• • • • 


9.50 


• 

« • > • 


• • • 


.35 










• • • ■ 




1.44 


Organic matter. 




• • 


m m 


* • • • 


• • • 




• • ■ • 


• • • • 




1.34 


Manganous oxide ( MnO) 




• • • 


• 


• 


64 


• a • 


.76 


• * • • 


• • • 


- 


Total. jlOO 00100.39 


9997 


99.97100.66 


99.03 


99.05 


100.28 


99.98 


100 35 



1. Kaolinite. 

II. Kaolin, Webster. >!. Ca. 
III. Plastic fire-clay, St. Louis, Mo. 
IV Flint fire-clay. Salinesville. O. 
V Loess-clay. Gutlirie Oentre, la. 



sers when they are set up in bungrs In 
the kilns. 

Portland Cement Clnr* 

Clays or shales to be used for Port- 
land cement manufacture should be as 
free as possible from coarse particles 
or lumps of sand, travel, or concre- 
tions. These conditions are best met 
by transported clays, as residual clays 
are often sandy or stony, and many 
erlacial clays notably so. Analyses of 
clays used at different cement plants 
show that the silica percentage rangres 
from 50 to 70%; when calcareous clays 
are used it may fall below 50%. 

Paper Clays. 

The best srrades of paper clay are 
some imported washed kaolins, but 
larere quantities of good paper clay 
are also obtained from the Potomac 
formations of Georgia, and the Cre- 
taceous and Tertiary formations of 
South Carolina. The Algronkian kaolins 
of Maryland, Delaware and Connecti- 
cut, as well as the white residual 
Cambro-Silurian clays of southeastern 
Pennsylvania, have also been used for 
this purpose. 

Paper clays are mixed with the 
wood pulp fibre, so that the latter can 
enmesh a certain amount of clay parti- 
cles. Plasticity seems to play an im- 
portant role, since a ariven paper will 
retain a larger percentage of plastic 
clays than of others. Sand is an unde- 
sirable constituent, altho it can often 
be eliminated by washing the clay. 
Whiteness of color is a third essential, 
and must be a primary character of a 
paper clay. 

Mineral Paint Clays. 

Certain clays and shales, when 
ground and mixed with oil, make a 
good grade of mineral paint. Their 
color in most cases is due to some form 
of iron oxide, or more rarely man- 
ganese. Ocher is often merely a fine- 
grained ferruginous clay colored by 
limonite, and the same may be true of 
sienna. The value of the material de- 
pends largely upon the shade of color. 
Its texture, and the amount of oil that 
has to be mixed with it in order to 
get the proper degree of fluidity. 



VI. Rusk, Cherokee County, Tex. 
VII. Brick shale. Mason City, la. 
VIII. Calcareous clay, Milwaukee, Wis. 

IX. Sandy brick-clay, Colmesneil, Tex. 

X. Blue sliale-clay, Ferris, Tex. 

and Uses, shows the variation in 
chemical composition of various types 
of clays, taken from various localities. 

CLAT CRUSHER AJTD PUIiTERIZlDR, 

see several items under Crusher. Pul- 
verizer and Disintegrator. 

126 — CLAY DESPOSrrS, CLASSIFI- 
CATION OF. — Clays may be classified 
according to their origin, chemical and 
physical properties, or uses. The 
geologist is probably chiefiy interested 
in the first of these, while the tech- 
nologist is concerned with the second 
and third. There are a number of 
classifications in current use, the ma- 
jority of them being principally based 
on genetic features, and sometimes 
secondarily on the properties of the 
clay. Orton's classification (Ohio Geol. 
Surv., VII, p. 52); Wheeler's Classifica- 
tion (Mo. Geol. Surv., XI, p. 26, 1897); 
Ladd's classification (Ga. Geol. Surv.» 
Bull. 6-A, p. 12, 1898); Buckley's classi- 
fication (Wis. Geol. Surv.. Bull. VII, PL 
1, p. 14); E. Orton Jr.'s classification 
(see la. Geol. Surv.. XIV, p. 40, 1904); 
Grimsley and Grout's classification (W. 
Va. Geol. Surv.. Vol. Ill, p. 70, 1906), 
and Ries' classification (Clays: Oc- 
currence, Properties and Uses, pub- 
lished by Wiley & Sons, New York; see 
p. 27) are probably the best known 
and most used in United States. Ries' 
classification follows: 

Clam At 

Residual clays; formed by decom- 
position of rocks in situ. Consists of 
two main classes: (1) kaolins, or china 
clays (white burning), which may be 
found in (a) veins, derived from peg- 
matite; (b) blanket deposits, derived 
from extensive areas of igneous or 
metamorphic rock; (c) pockets in lime- 
stone, as Indianaite. (2) Red burning 
residuals, derived from different kinds 
of rocks. 
Class Bt 

Colluvial clays, representing deposits 
formed by wash froxn the foregoing 
and of either r^f^antarV or non-re- 
fractory character ^*°^ 
Class Ct 

Transported cU^ ^/^nslsts of four 
classes, with a^^^. ^ ns ^^ noted: 



(1) Deposited in water, (a) Marine 
clays or shales. Deposits often of 
great extent. — ^Wlilte burning clays.— 
Ball clays. — ^Fire clays or shales. Butt 
burning. — ^Impure clays or shales; may 
be calcareous or non-calcareous. — (b) 
Lacustrine clays (deposited in lakes 
or swamps); may include fire clays or 
shales: impure clays or shales, red 
burning; and calcareous clays, usually 
of surface character. — (c) Flood-plafn 
clays; usually impure and sandy. — -(d) 
Estuarine clays (deposited in Es- 
tuaries); mostly impure and finely 
laminated. — (2) Glacial clays, found in 
the drift, and often stony; may be 
either red or cream burning. — (3) 
Wind-formed deposits (some loess).—* 
(4) Chemical deposits (some fiint clays). 

127 — CLAY, DESIRABLB PROPBR^ 
TIES OF. — The physical and chemical 
properties of clay to be considered, 
and the beneficial effects of which it 
is desired to know, are: 

1. Working qualities 

a. plasticity 

b. tensile strength 

c. drying shrinkage 

(1) tendency to warp 

(2) tendency to crack 

2. Burning qualities 

a. color 

b. fire shrinkage 

(1) tendency to warp 

(2) tendency to crack 

c. degree of vitrification 

(1) porosity 

(2) specific gravity , 

d. texture 

e. ability to take superficial ooat- 

ings 

(1) engobes 

(2) glazes 

(See entries on Plasticity; Tensile 
strength; Shrinkage; Porosity; Specific 
Gravity; Drying; Burning.) 

CLAY FESEDBR AND MIXER, see 

Feeder and mixer, clay. 

CLAY GATHERER AND HAR- 
VESTER, see Gatherer and harvester, 
clay 

CLAY MINING, see Clay winning. 

128— CLAY PLANT LOCATION AND 
DESIGN. — In selecting a clay plant 
site, primary consideration must be 
given to such important items as 
drainage, water supply, railroads, mar« 
kets, and freight rates. Also, as every 
successful plant will grow, it is neces- 
sary to provide in the original plans 
some suitable method or means of tak« 
ing care of future expansion. Ordi- 
narily, land in the vicinity of a clay 
plant increases in value, so that a con« 
siderable excess in the original par« 
chase may later be disposed of at a 
profit. 
Ware to Be Produced. 

There are two ways of approaching^ 
this subject: (1) to determine, first, 
the ware to be made and then to seek 
a suitable deposit of raw material, 
and (2) to determine by thoro tests 
what types of ware can be produced 
from the deposit after it is located. 

This subject is often approached the 
wrong way: either the product is de-' 
termined on without giving proper 
consideration to the raw material 
available, or the raw material is 
chosen without first wisely considering 
the product it is intended to manufac- 
ture. Many cases of plant failures, as 
far as the original owners are con- 
cerned, may be traced to having 
started operations before it was dis- 
covered that the raw material was 
not suited for the product to be manu- 
factured. 
Capacity or Ontpvt. 

In considering the question of the 
capacity of a new plant, it is gener- 
ally better to figure under than over,' 
since if more ware can be produced 
than can be disposed of, a portion of 
the investment must stand idle, where- 
as, if the reverse is true, it is com- 
paratively easy to add new equipment. 

Most plants, as originally designed, 
are poorly balanced, one or the other 
of several departments being unable to 
produce what the others can take care 
of. Especial care should be exercised 
in working out and carefully balano- 
insT the dryer and kiln departments. 

It is seldom economical to operate 
machine equipment whose capacity 
considerably exceeds the required out- 
put; e. g., using a brick machine hav- 
ing 100,000 capacity per day when only 
50,000 are made. A more sensible pro- 
cedure would be to install a 60,000 
capacity machine and install an addi- 
tional unit when the Increased denuind 
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calls for it. Besides the fact that a 
tOO.OOO capacity machine will produce 
50.000 brick in a half day and thereby 
create a problem on how the crew may 
be disposed of the remainder of the 
day. there is also the factor of power 
to be considered. Thus, a power plant 
capable of operating: the large unit 
would be required, and every machine 
from pan to pug-mill would have to 
have the maximum rating: or a great 
loss of efficiency would occur. 

Dryers, on the other hand, are likely 
to be under the desired capacity, and 
it is always advisable to allow consid- 
erable leeway in this department, espe- 
cially as the depreciation is very low. 
It is not good practice to provide more 
kilns than can be efficiently used, but 
this is seldom done. The reverse is 
often true. Kilns depreciate heavily 
when not in use, particularly in winter 
weather. 
Choice of BqnlpnteBt. 

Clay machinery manufacturers have 
greatly improved their equipment in 
recent years, and the question now is 
largely a matter of proper selection. 
The beginner should never contract for 
equipment on a "price" basis (the ex- 
perienced clayworker is generally too 
wise for that), but should, when he is 
not thoroly familiar with the require- 
ments, either consult an engineer or 
another clayworker who is acquainted 
with the products to be made. Many 
new plants have in the past been badly 
handicapped by unsuitable equipment. 

Storage of Raw Material. 

Proper storage facilities are impera- 
tive if the plant is to operate on a 
year-round basis. In cold climates, 
frozen shale or clay is encountered in 
winter, and in warm climates the win- 
ter season is generally wet. Rainy 
days will drive the pit crew from their 
work, with consequent costly shut- 
downs and losses. Where clay is mined 
underground, storage is not so essen- 
tial. 

Ordinarily it is not necessary to 
have an expensive storage shed or 
building; an open building, roofed over, 
usually serves the purpose. 

With good management, a clay or 
shale pit can, as a rule, be operated 
much of the time during the winter 
months, and where only a storage 
building for minimum requirements 
oan be afforded, it is merely neces- 
sary to make it of sufficient capacity 
to. carry the plant over protracted cold 
or wet spells. The men who handle the 
pit can be used in the shed when bad 
weather makes it necessary to draw 
on the storage, unless conditions war- 
rant the installation of mechanical 
tiandling equipment. 

Drying ESqalpment. 

A* description of the structural and 
operative detail of the various types 
of "dryers may be found under Dryers; 
but the selection of a drying system 
should only be made after thoro con- 
sideration has been given to the nature 
of the raw material, the character of 
product, the waste heat available and 
its source, and the price of fuel. Con- 
sultation with engineers or daywork- 
Brs who have had broad experience 
with the line to be manufactured will 
also pay well in the long .run. 
Burning System. 

The selection of a burning system is 
so bound up with the kind of product, 
location of plant, size of plant and 
fuel available that, in this case also, 
no decision should be reached before a 
Chbro investigation has been made to 
determine the exact requirements. The 
systems available are the intermit- 
tent types of up-draft and down-draft 
round and rectangular kilns, the con- 
tinuous kiln, and the railroad tunnel 
kiln. Each of these types is compre- 
hensively described under Kilns. Usu- 
ally, the type in most successful and 
general use in the vicinity of the pro- 
posed plant, and in use on the same 
class of ware, is the safe type to select. 
This again, however, is a question that 
should be referred to a recognized au- 
thority before a decision is made, 
aihce each plant presents an especial 
problem in itself. 

Laying Out tke Plant. 

Standard plans in an industry of 
such diverse requirements are imprac- 
ticaJl, but in a general way the follow- 
ing outline will enable the man with 
Home mechanical ingenuity to handle 
^''^^-.pJanning successfully. 

After the equipment, dryers, type 
And' /jyjyjfcer of kilns, etc., have been 



fully decided upon, a small drawing, 
absolutely to scale, should be made of 
the plan (floor area to be occupied) of 
each machine. The dimensions should 
be taken from the blueprints fur- 
nished by the machinery companies. 
Similar drawings, always to the same 
scale, should be made of the engines* 
motors, and boilers; in fact, this should 
be done for each piece of equipment 
that goes into the factory. The dry- 
ers and kilns should be handled in the 
same way, a separate drawing being 
made for each tunnel and kiln. 

When these are completed, each 
drawing should be cut out along the 
exterior lines. Then, with the aid of 
an architect's scale, they can be ar- 
ranged on a large sheet of paper in 
any manner that seems most advisable, 
and when finally a layout that seems 
to be the most compact and efficient 
has been arrived at, the outline of the 
buildings, tracks, switches, etc., can be 
sketched in around them. The merit 
in this method consists of the con- 
venience with which any number of 
different arrangements may be tried 
by merely moving the small cut-out 
drawings around, and then critically 
studying the arrangement for defects. 
The method also makes it easy to 
allow for the proper clearance around 
each piece of equipment, the proper 
pulley centers, and to avoid crowd- 
ing, as well as to tell at a glance 
whether the material is kept constant- 
ly flowing in one direction without 
any back -Cracking. 

By making an extra set of these 
small outline plans and using a sur- 
veyed plan of the property, it is a 
simple matter to provide for future 
factory growth and expansion. 

Admit Plenty of I^lgkt. 

As the plant will manufacture the 
best of structural products, the build- 
ings should really be an advertisement. 
Light buildings are almost essential 
if a good product is to be made. It is 
Just as cheap to put In glass and sash 
as to flll the same space with good 
brick, and plenty of light and air 
should be provided. The elimination of 
Are risk is also an important item, and 
as most plants are of single-story type, 
practically no lumber is required ex- 
cept in the roof-trusses. 

Poiver Considerations. 

In deciding the question as to the 
power that will be used a balance must 
be made between the individual plant 
and purchased power. On the individ- 
ual plant the installation of boilers, 
engine, shafting, pulleys, feed-water 
pumps, etc., are part of the original 
investment, with flxed charges for the 
services of engineers, fuel, fuel han- 
dling and boiler compounds as addi- 
tional considerations. Against this 
there is the cost of purchased power 
and motors. Installation expense and 
repairs are not considered, but will 
be in favor of purchased power. 

Aside from the above, the flexibility 
of motor drives is a vital factor, since 
a far more flexible and compact plant 
can be built, usually at a saving in 
building cost. In addition, trouble- 
some belts can be replaced with chain 
drives and line-shafts and counter- 
shafts eliminated. 

Here again, all details should be 
thoroly canvassed before a decision is 
made. 

Construction of Plant. 

Building construction is a business 
in itself, and there can be no question 
as to the general advisability of let- 
ting plant construction out on con- 
tract. The many clumsy, dark, un- 
handy plants seen on every side are 
proof of the inability of the average 
clay plant operator to erect suitable 
buildings. Frequently, the contractor's 
wide experience will enable him to 
point out the defects in the original 
plans and to offer time- and money- 
saving suggestions; and if the contract 
is on a time and material basis, he can 
generally secure the materials cheaper 
than can an outsider. 

The clayworker himself, however, 
should personally have charge of the 
setting of his equipment (provided he 
is capable of doing so), and the con- 
struction of the Kilns. Kilns built 
on contract are seldom satisfactory. 
As they represent a considerable in- 
vestment and much of the success of 
the plant will depend upon efficiency, 
great care should be exercised in their 
erection. 

22 



DESIGNERS (see catalog section): 
American Dressier Tunnel Kilns, Inc. 
Freese, E. M. & Co. 
Hadfleld-Penfleld Steel Co. 
Mueller Machine Co., Inc. 
Rodgers, L. E., Engineering Co. 

129-^CLAY, PRE3PARING AJTD 
'WBATHJESRIBTG. — The preparation of 
clays embraces a threefold object: (1) 
the homogenizing of the materials, <2) 
the puriflcation of the clays, and (S) 
the development of plasticity. If the 
processes of mixing involve simply the 
use of one material of practically con- 
stant physical and chemical constitu- 
tion, the problem becomes simple. But 
where it involves the mixing of dis- 
similar substances, such as two differ- 
ent clays, or shales and clays, clay and 
grog, etc., it is important that the 
materials be uniformly mixed in order 
to obtain a uniform product. There 
are a number of different processes 
involved in clay preparation, such as 

(1) choice of materials at the bank, 

(2) weathering process. (S) proper 
proportioning of the materials, (4) 
gnrinding or disintegrrating, (6) sizing 
the grains, or screening, and (6) de- 
velopment of plasticity. 

The weathering of clays in some in- 
stances is of great importance. In 
general, the outcrops and overburden 
are already weathered to 6, 10 or even 
16 ft. down, due to the action of such 
agencies as rain, air, frost, etc., upon 
them. The chief changes resulting 
from weathering are the breaking up 
of the hard rock by such action as 
that of changes of temperature, etc., 
and the chemical changes due to sol- 
uble salts being leached out by water. 
The soluble salts are principally the 
sulphates of lime, alumina, and the 
alkalies. Other chemical changes are 
a change of ferrous iron to ferric, and 
of sulphur to sulphuric add, which in 
turn may form sulphates. 

The weathering of shales not affect- 
ed by natural weathering may be ac- 
complished in several ways: (1) Dig 
the shale and place it on a pile of not 
very great height, allowing the action 
of the weather to take place for six 
months or more. (2) Grind the clay 
or shale and then dump It in thin 
layers over a long pile in a storage 
bin by means of an automatic trip- 
per. This method facilitates the 
weathering or aging of the clay or 
shale, and may improve the plasticity 
of a clay in comparatively short time. 
Hard shales in the ordinary process of 
preparation for cruder clay wares de- 
velop very little plasticity; but, if 
weathered, are frequently brought to 
a high degree of plasticity. 

Weathering, however, is not a pan- 
acea for all clay ills, and when it is 
found that weathering does not im- 
prove the working qualities of soma 
clays in the bank, they should be 
avoided. 

MANUFACTURERS (see catalog sec- 
tion): 
Hadfleld-Penfleld Steel Co. 
Mueller Machine Co., Inc. 

130— CLAY PRODUCTS, CLASSIFI- 
CATION OF, IN CERAMIC INDUSTRY. 

— The various general classes of clay 
products, grraded by the nature of the 
material from which they are made, 
shapes, uses, etc., may be outlined aa 
follows: 

Class At ESartky or Stony. 

I. Structural material: 

(a) Red or cream burning. 

1. Common or face brick. 

2. Hollow brick and block. 

3. Porous brick. 

4. Drain tile. 

5. Conduits. 

6. Rooflng tile. 

7. Fireprooflng material. 

8. Some terra cotta. 

9. Miscellaneous. 

(b) White or light burning. 

1. Fire refractories of all kinds. 
II. Pottery. 

(a) Not white burning. 

1. Artiflcial pottery. 

2. Common earthenware. 

3. Coolers. 

4. Flower pots. 

5. Yellow ware. 

6. Ordinary faience. 

7. Stone tile. 

(b) White burning. 

1. White earthenware. 

2. Porous whiteware. 

3. Miscellaneous. 

Class Bi Vltreons Bodies. 

X. Vitreous only on edges. 
I. Structural material. 
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(ft) Not white burninc 
1. Pftvlng brick. 

3^ Floor tile. ' 



S. Sllo block. 
(b> White burning. 

1. Acld-prool wftro {or cheni- 
iBtry Btonewftre). 
IL Pottery. 

(a) Mot white burnlnK. 

1. Chemistry stoneware ot all 
kinds, the shape decldtns 
whether product I a to be 
classed under pottery or not. 

(b) White burning. 

T. Body' translucent. 
I. Structural material. 

(a) Not white hurnlnK. 

(b) White burnlOK. 

1. W^all tile. 

2. Floor tile. 
II. Pottery. 

(a) Not white bumlns. 

(b) White burnlnK. 

X. Hard porcelains ( t b o e e 
composed of spar, etc., and 
maturing at blffb tempera- 

Y. Sort Porcelain, 

1. Low maturing- tnaterial 

bodies. 
S. Bone china. 
3. Frltt. Seger, Parian 

porcelain. 
i. Dental porcelain. 
ISl — CLAY PRODUCTS MAKUPAC- 
TDRB, NON-PLASTIC MATERIALS 
OF. — These may be divided into Ave 
general clasBes, with eubdlvislons as 
noted: 

1. Silica: (a) sandi natural sand, 
crushed sand rock, and sandy clays; 
(b) tiinti (c) inluaorlal earth. 

2. Chamotte; (a) calcined clay 
proper; (b) waste and broken ware; 

3. Lime: (a) shells; (b) chalk — 
crude and washed chalk; (o) limeatone; 
{c) ctinkera, etc., marble dust, common 
limestone, and dolomite. 

4. Carbon: (a) graphite, and <b) 
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13> CLAY, PROSPECTING FOR. — 

Clay deposits can be more sclentlflcal- 
ly explored by geological methods, but 
there are a number ol points by which 
beds ot clay may be located by the 
observing clayworker. 



The fresher the cut the better the ex- 
poaure, since the Bides of such excava- 
tions wash down rapidly, and a muddy 
red surface clay will often run down 
over a bed of lighter colored clay 
beneath, thus hiding It from view. It 
the cut Is deep ana freshly made, the 
depth ot weathering can often be 
determined. 
SprlHi 

the L_ 

springs may be caused by waters Seep- 
ing down from the surface until they 
reach the top of some impervious clay 
stratum, which they then follow to the 
face of the bank from which they 
iBHue. On the other hand, springs can- 
not be used as a positive Indication of 
clay, for e ' ' ' ' ' 

even d<--- 

In regions covered by glacial drift, 
pools ot water are freijuently retained 
in deprqaaions, because of the presence 
of a water-tight bed of clay below 
them. This does not □ecesBarily indi- 
cate a thick deposit, as a very thin 
layer may hold up a considerable body 
of water. The ponds may also be 
present even In the absence of clay, 
due to the seeping down of the ground- 
water from higher levels, 

TcgClBtlOB. 

In some regions, clay deposits pro- 
duce a different type of plant growth 



--„ .— only 

be used as a subordinate aid In the 
search for clay. 

After a clay deposit la located, It la 
necessary to determine Its thlckneaa, 
extent, character, and uaes to which It 
can be put. The flrst two points and 
some facts bearing on the third may 
be learned In the Held, but the behavior 
ot the clay when mixed and burned 
must be learned by laboratory tests or 
in a clay plant In order to obtain an 
accurate knowledge ot the commercial 
value of the material. 

Borings made with an auger furnish 
a quick and aatiafactory means of 
learning the thickness ot the deposit. 
By comparing the data obtained from 
boreholea and outcrops, any vertical 
or horizontal variations in the deposit 
can usually be traced. Llmonlte con- 
cretions or crusts, if existing In any 
abundance, will likely be discovered, 
and even the dryness ot the beds can 
be approximately ascertained. Varia- 
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ripplni 



! of the bed and 



., 1 secured from the outcrops 

borehoiea; where larger samples 
required from intermediate points. 



operations, since rapid variationa may 
occur In any clay depoait. 

PROSPECTOR (see catalog section): 
Hadfleld-Penfleld Steel Co. 

OI^Y 9CBBBN, aee several items 
under Screen. 

183 — CLAY TESTING. — In testing 
clay the more important propertiea 
are Its physical behavior and pyro- 
chemlcal reactions. A chemical analy- 
sis Is but of little value. Two clays of 
identical chemical analysis may give 
altogether different results in manu- 
facturing. 

A chemical analysis will, however, 
serve as a guide and some properties 
can be determined from It. For In- 
stance, a high lime clay will give 
trouble In burning and In scummTng; 
a high Iron clay will usually 



The Important points to determine 
In making a teat of clays and clay 
ware are Its plasticity, drying ahrink- 
age, tendency to crack during drying, 
flneneaa of grain, cruahing strength, 
elasticity, cross bearing atrength. 
hardneaa, toughness, rattler teat, poro- 
sity, heat conductivity, electrical oon- 
duetlvlty, coefflclent ot expansion, 
burning shrinkage, color, tendency to 
crack in burning, burning range, fu- 
sion temperature, sp ailing, and reals - 
-- K action. 



Ther 
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Some of the clay machinery man 
(acturers are equipped to do this wor 
ceramic schools and Burei 



(See Shrinkage, Porosity, Plasticity, 
Conductivity, Fusion, etc.) 

TESTERS (see catalog section): 

Freeae, E,'m. & Co. 
HadflPld-Penfleld Steel Co. 
Internationa! Clay Machinery Co. 
TESTER'S ANNOUNCEMENTS: 
Bonnot Co.. Canton, Ohio. Clay 
testing department maintained 



1S4 — CLAY 1VINNING. — Clays are 
commonly reclaimed from nature by 
surface digging, quarrying and mln- 

The tlrst of these Is practiced where 
clays of the more earthy, loose-tex- 
tured varieties occur at the surface of 
the ground and may be dug In shallow 
pits. The shovel and wheelb 
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digging. .„ 

expensive mode of operation. It cannot 
be used on any large plan, nor where 
clay must be transported any consider- 
able distance. Another method Is by 
the plow and scraper. Theseprovlde for 



0U7 

and the clay may be hauled econolDl*- 
ally some distance to the prepftTlng 
machinery or to the terminus ot the 
transportation line from pit to work* 
Under very favorable conditions, n 
haul ot EDO or 600 ft. may b« mftde. 

Surface operation may ordinarily »• 
termed a fair-weather proposition, 
since it is extremely diffloult to employ 
a method that will permit oontlnuons 
digging under all changes ot weather, 
even in the working seaaon. Heavy 
rains usually permeate the strfttft tie~ 
ing worked, and may flood the pit with 



friable nature. In clay pits whMe 
there is a vertical variation in tfta 



_ supply of 

raw material. 

A shale planer is the best machine 
for mixing the several layers of ft clay 
or shale deposit. 
^uurylBK. 

Quarry methods are resorted to in 
digging clays where the nature ot the 
latter or the thickness of the strata Is 
such that more forcible means must 
be employed to loosen them than IB 
provided by the pick, shovel and plov. 
Shales, for instance, where unweatb- 
ered. are more or leaa indurated, aifd 
this Induration may have proceeded Xo 
such an extent that the deposit has Ae- 
qulred a stony or slaty hardness which 
oan only be broken up by drilling an* 
blasting. Quarrying methods are prin- 
cipally applied to this claBS of clays. 

In quarry practice, where faces over 
SO ft. high are to.be worked, I " "■ 



aiHts 



I obtained by establishing An 



lenob." 






geously removed by working two low 
faces of IB ft. each. The chief diffi- 
culty in operating a quarry in a series 
of benches or steps is enoountered In 
getting the material from the upper 
benches down to the means ot trans- 
portation from the quarry. 

In thoroly Indurated rock like llme- 
■ ■- the_^' "-- — 

_, _. shat- 

tered into fragments of various sixes 
many of which must be further broken 
up to permit their being handled with 
the shovel before leaving the pit. The 
dlfBeuIty Involved in handling this 
partially broken-up material in a 
quarry consisting of several benches 

is evident where — - " ■ '" 

run at the dlRer 






.. stair principle of 

quarry practice Is not generally fol- 
lowed in the development of high clpy 
banks, which, as a rule, are either 
taken down as a whole or worked at 
only comparatively low exposures at 
one time, each working face being ,of 
such a height that it can be loosened 
from top to bottom with the common 
sized charge ot explosive. Ordinarily,, 
the face Of the bank Is undermined bs 
far as poaaible by picking, following 
which a series of charges Is placed in 
drill botes arranged parallel to and a 
few feet back from the quarry faoo; 
these charges, set off simultaneously, 
break down and shatter large bodies 
of the clay. 

Immense bodies ot clay can be 
broken down by this means, and the 
material is left In such a loosened con- 
dition that weathering progresses 
more eftectlvely and the clay Is In bet- 
ter shape when delivered to the pre- 
paring machinery. 
Clay HlBlng. 

Mining Is employed only where the 
clay to be won is of such a nature 
as to make it especially desirable tpr 
a certain line ot manufacture, anA 
where day which will serve the some 
purpose is not available at tbe surface. 

Mining a vein of clay Is carried bn 
according to the same principles fol- 
lowed In mining coal; that Is, either 
by the ao-called ronm and nntrv or 
pillar plan, or by thi 
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MANUFACTURERS (see oatalosr sec- 
tion): 
Eagrle Iron Works. 
. Hadfield-Penneld Steel Co. 

185— CLB2ANB2R, BOILISR TUBES A 
PliVE, MEOHANIOAIi. — ^Boiler tube and 
flue cleaners of the mechanical or 
power-driven types are srenerally (1) 
pneumatic, which derive their power 
from air or steam pressure, or (2) 
turbine, which operate on water pres- 
sure. 

Pneumatic cleaners are usually sup- 
plied to operate on 40 to 100 lbs. pres- 
sure. The motor consists of an outer 
casinflT that contains, in the most ap- 
proved types, a removable hardened 
steel cylinder, within which revolves 
an eccentrically mounted shaft, to 
which the reciprocatinsr mechanism is 
attached. This mechanism consists of 
blades, placed side by side, but care- 
fully balanced to reduce the friction 
between the blades and the cylinder. 
Air or steam is admitted to the cylin- 
der thru ports in the walls thereof, and 
placed at definite intervals apart to 
produce uniform pressure on the 
blades. This pressure, applied to the 
blades within the cylinder (on the 
principle that water Is applied to 
turbine blades) causes the shaft to re- 
volve and thereby furnish drlvinflr 
power to the scale-cutting head. 

Lubrication is supplied by a slrht- 
feed lubricator attached to the air-line 
a,t the Junction of the air-line and the 
manipulatiner hose. The oil is thus 
forced by air into the cylinder, alongr 
the cylinder walls, and to both the 
front and rear bearinflrs. The ends of 
the cylinder are closed by wear plates. 
For lubrication, a srood ffrade of lard 
oil or machine oil is used with air 
pressure, and a heavy cylinder oil for 
steam. 

Various Types of Head. 

The pneumatic cleaner is generally 
made with all mechanical parts easily 
removable and interchangeable, to fa- 
cilitate repairs. It is also made in a 
variety of sizes, for bent or straight- 
tube work, to meet all requirements. 
The cuttlner head may vary in style 
from a plain, strong drill, for borlnsr 
thru very heavy scale, to a ratchet- 
insr device, equipped with a number of 
ffear-edged cutting wheels, for con- 
veniently and quickly disposingr of 
lisrht scale. 

Some types of pneumatic cleaners 
differ radically from the described 
type, but the working principle re- 
mains practically the same. After the 
machine has been completely connected 
up, and placed in the tube far enough 
to allow the cutters to engage the 
scale, the power may be applied and 
the machine fed into the tube gradu- 
ally until it has traveled a distance 
of about six ins. from the front end. 
A small garden hose should then be 
inserted behind the cleaner and a 
stream of water allowed to flow into 
the tube being cleaned, as this mois- 
tens the scale and prevents dust in the 
boiler room. Care should be exercised 
to avoid too high pressure, as ex- 
cessive pressure has a tendency to 
choke the machine and thus reduce its 
capacity for work. 

The turbine boiler cleaner is built 
in sizes for all sizes and types of boiler 
tubes, and consists of a water turbine 
driving a rotating, freely swinging 
cutting head, which chips, cuts and 
drills its way thru the adhering scale 
as it is gradually fed into the boiler 
tube. 

Details of Turbine Construction. 

The body of the cleaner is generally 
made from high grade machinery steel, 
and is provided with a removable bear- 
ing. Ports in the rear of the cylinder 
introduce the water pressure to the 
turbine wheel, which is mounted on 
the rear of a hardened steel shaft. 
(In some types, the shaft is mounted 
on two bearings, instead of one.) All 
parts of the interior mechanism are 
usually designed to permit easy re- 
placement, in case repairs are needed. 

The turbine cleaner is generally lu- 
bricated by water, but may, when de- 
sired, be equipped with an oil-lubricat- 
ing device. 

The amount of work a turbine 
cleaner will perform depends upon the 
amount of water pressure available and 
the skill of the operator. A pressure 
of 100 to 126 lbs. at the cleaner inlet 
Is essential for successful rapid work. 
To assure proper pressure, a gage 
should be placed on the v^'ater supply 



pipe to which the hose is attached and 
the pressure read when the machine 
is running at full speed. The use of 
too small hose is a frequent source 
of trouble, and can be avoided by 
always using a hose that will fit the 
coupling furnished with the machine. 
Dirt in the water also fills up the 
ports and reduces the capacity of the 
cleaner. Water containing chips, cin- 
ders and other foreign matter is re- 
sponsible for the largest number of 
turbine cleaner failures. 

When the turbine cleaner is not In 
operation it should be stored in oil 
to keep the parts from rusting. 

When the machine is in operation, 
the bearings should be watched closely 
to prevent their wearing in excess of 
one-sixteenth in. before renewal. 

In removing scale, the machine 
should be fed into the tube gradually, 
as Jamming it against the scale cuts 
down the speed of the cutting head 
and thereby retards the work, and may 
result in considerable damage to the 
machine. 

CLIP, RAIL, see Rail clip. 

196— CLOCK* — Clocks are used in 
many offices and factories, and in some, 
the clocks which are regulated hourly 
by telegraph replace all others. In all 
factories, however, a time clock is a 
necessity. This consists of a clock by 
which each employee registers the time 
of his arrival and departure from his 
duties. In making up a pay roll a 
time clock is a check against any re- 
port of a foreman or of the piece work 
gang. The savings in mistakes of this 
kind in pay rolls will pay for a time 
clock in a very short time. In addition 
there are other time keeping clocks 
which consist of a clock arranged to 
stamp the time on a card very much 
like the date is stamped on a railroad 
ticket at the station. In some plants a 
master clock is located in the office 
and it controls, regulates and adjusts 
any number of other clocks scattered 
thruout the plant, thus making the 
time uniform at all points. The con- 
trol is by means of electricity. (See 
also Recorder, time and operation.) 

187 — CLOCK, WATCHMAN'S.— These 
clocks are made to be used by a night 
watchman. They consist either of a 
portable clock which the watchman 
carries with him, or a central clock 
which registers the time that he was 
at a certain point. In the first type 
each station around a plant has a key 
permanently fastened to it. The watch- 
man in making his rounds is expected 
to visit each station every hour or 
half hour. At each station he places 
the key for that station in a certain 
part of the clock. This operation 
registers the number of the station 
and the time on a dial of paper on 
the inside of the clock. This dial is 
replaced daily so that any neglect to 
visit each station at the proper time 
can be noticed. The central clock 
system works the same way except 
that the watchman places the key in 
a small receptacle at the station, which 
operation closes an electric current and 
registers the time and station number 
on a dial at the location of the central 
clock. This dial can be removed from 
the central clock every day also. (See 
also Recorder, time and operation.) 

CLOTH, W^mB, see Wire cloth. 

138 — CLUTCH* — A clutch is an at- 
tachment on a machine or line shaft 
thru which power is transmitted to 
the machine or line shaft. The most 
common type is where the drive belt 
for a machine drives a pulley which is 
mounted loose on the main shaft of 
the machine. A casting is fastened 
solid to the shaft, and has shoes, arms, 
or plates which are movable and ad- 
justable. The pulley has correspond- 
ing parts which interlock or match, 
and a lever is provided which fastens, 
locks or holds the movable parts on 
the casting to the corresponding parts 
of the pulley. 

A friction clutch is one in which- 
the power is transmitted thru two 
surfaces which are clamped together 
as above so tightly that the friction 
between them makes them act as one. 
In most cases these surfaces are lined 
with some non-metallic substance. 

A jaw clutch is one in which the 
power Is transmitted thru interlock- 
ing "jaws." which are large offsets 
or teeth, and are integral parts of the 
castings. The former is better suited 
to high speeds and the latter to low 
speeds. Every machine in a plant 
should be equipped with a dependable 

24 



clutch, as it is a safety device, reduces 
repairs, decreases power and has other 
advantages. 

MANUFACTURERS (see catalog sec- 
tion): 
Caldwell Co., W. E. 
Freese. E. M. & Co. 
Hadfield-Penfleld Steel Co. 
International Clay Machinery €k>. 
Link -Belt Company. 
Stevenson Co. 

Toronto Foundry &. Machine Co. 
Webster Mfg. Co. 
Weller Manufacturing Co. 

189^-COAL, GRADBS OF.^-The fol- 
lowing characterisations of the differ- 
ent coals have been suggested by the 
U. S. Geological Survey, Steam and 

Cosfirrove * 

1. Graphite, which is not available 
for fuel, because of the high temper- 
ature required for its ignition. 

2. Anthracite, commonly called hard 
coal, is practically all fixed carbon. It 
has a deep black color, a shiny, semi- 
metallic luster, few Joints and clefts, 
and is compact and sometimes iri- 
descent. Its specific gravity ranges 
from 1.3 to 1.8. It neither softens nor 
swells when burning. It kindles slowly 
and with difficulty, and burns with a 
short, yellowish name, which changes 
to a faint blue, and is transparent in 
appearance, owing to the absence of 
particles of solid carbon. 

3. Semi-anthracite is not so hard nor 
dense, and lacks the luster of true 
anthracite. It can be easily distin- 

fruished by the fact that when newly 
ractured it will soot the hand. The 
specific gravity is about 1.4. Semi- 
anthracite contains more gaseous mat- 
ter, and for that reason kindles more 
readily and burns more rapidly than 
true anthracite. It makes a very in- 
tense, free-burning fire. 

4. Semi -bituminous coal is still 
softer than semi -anthracite, and lacks 
most of the bright metallic luster, altho 
it is brighter in appearance than bitu- 
minous coal. It contains more volatile 
hydrocarbon, kindles and burns more 
easily than anthracite, but resembles 
anthracite more than it does bitumi- 
nous coal. It is ordinarily free-burn- 
ing, without smoke, and has a high 
calorific value. It is of the highest 
class for steam generating purposes. 

The Common Type-Soft Coal. 

6. Bituminous coals are commonly 
called soft coals. They consist of fixed 
carbon and bitumen. This is a mix- 
ture of hydrocarbons, which, when 
heated, breaks down into gases, oils, 
and tars. Bituminous coals have more 
volatile matter than the preceding 
classes. The range in specific gravity 
is from 1.25 to 1.4, and the color from 
dark brown to pitch black. In hard- 
ness they range from lignite to semi- 
bituminous. The harder varieties have 
the best heating values. 

Generally, bituminous coals are 
brittle, with a vitreous, resinous or 
greasy luster. The distinction between 
semi-bituminous and bituminous coals 
is important economically; the semi- 
bituminous coals have about 6% higher 
heating value per pound of combustible, 
and burn with much less smoke. Bitu- 
minous coals absorb moisture from the 
atmosphere. The surface moisture will 
dry out naturally, but the moisture 
absorbed internally is driven out only 
at a temperature of 250 deg. F. A 
distinguishing characteristic is a yel- 
low fiame and smoke when burning:. 
There are two types of bituminous 
coals, designated usually as cakingf 
coals and non-caking or free-burning 
coals. Caking coals are rich in hydro- 
carbons, and valuable therefore in gas 
manufacture. They fuse and swell 
when heated. Non-caking coals do not 
fuse, but hold their shape, burn mucb 
more freely, and are preferable for 
steam purposes. 

6. Sub-bituminous coal is frequently 
called black lignite, and is not readily 
distinguishable from either lignite or 
bituminous coals. Its chief character- 
istic is a tendency to absorb moisture 
if exposed to the weather, and to slake 
like lime. It has a fairly bright luster. 

Lomrest Grades. 

7. Lignite is sometimes called brcwn 
coal, and is vegetable matter in tbe 
early stages of coal formation. Tbe 
specific gravity ranges from 1.2 to 1.23. 
When first mined it may contain up 
to 50% moisture. The color is liffbt 
brown, showing a distinct woody struc- 
ture in the poorer varieties, ranging 
to black with a pitchy luster resem- 
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blinsr hard coal, in the best varieties. 
It is non-cakinsT* and burns with a 
slightly smoky name, with moderate 
heat. It is easily broken and will not 
stand handling in transportation. The 
ash content of lignite ranges from 1 
to 50%. It is distinctly a low-grade 
fuel, but cheap. 

8. Peat is organic matter in the 
first stages of conversion to coal. It 
is found in bogs. The moisture 
averages 75 to 80%. It is unsuitable 
for fuel until dried, and may then 
contain as high as 30% moisture. Large 
deposits are found in this country, 
but as yet are little used. 

14<^..COAIi HANDLING E3<IVIP- 
MESNT. — In order to reduce the cost of 
unloading coal from cars and trans- 
ferring it to the kilns or boilers, sev- 
eral types of equipment have been 
put on the market and are very suc- 
cessful. When it is considered that 
approximately one ton of coal is needed 
to burn four or five tons of clay prod- 
ucts, on the average, it is surprising 
that not more of these installations 
are found. Several types have a belt 
conveyor which fits over the oar and 
unloads into a pile. Another belt loads 
from the pile into the carts, wagons 
or auto trucks which haul it to the 
kilns or boiler room. Liarge plants 
find that a crane with a clam shell 
or orange-peel bucket is very efficient. 
Several types of coal handling equip- 
ment are built in which the coal is 
dumped into a hopper, from which it is 
elevated or conveyed into a bin. This 
bin has chutes or gates by which the 
coal is taken from the bin and loaded 
into carts, wagons, and industrial or 
auto trucks for haulage. For hauling 
coal and ashes auto trucks show a 
large saving compared to carts or wag- 
ons. Another type of coal handling 
equipment has cars built like mine 
cars, which run on an overhead track. 
The coal is loaded into them at a cen- 
tral point, and they are run along the 
track until they reach the place where 
the coal is to be used, and at this 
point the coal is dumped from the cars. 
This system is suited to square kilns 
better than to round ones. 

MANUFACTURERS (see catalog sec- 
tion): 
Green, L. P. 
, Link-Belt Company. 
Webster Mfg. Co. 
Weller Manufacturing Co. 

141 — COAL, HEAT VALUE OF. — The 

heating value, or calorific value, of 
a coal is the number of units of heat 
liberated by the perfect combustion 
of one unit weight of the coal. 

A British thermal unit (B. t. u.) is 
the quantity of heat required to raise 
the temperature of one lb. of water 
one deg. F.; (e. g., from 63 to 64 
deg. F.). 

The gram calorie (small calorie) Is 
the quantity of heat required to raise 
the temperature of one gram of water 
one deg. C. at a mean temperature of 
16 deg. C. 

The kilogram calorie is 1,000 times 
the small calorie. 

The necessity of knowing the heat- 
ing value of the coal burned is very 
important, since the evaporation per 
pound of coal does not of itself indi- 
cate efficiency. For example, if an 
equivalent evaporation of eight lbs. of 
water per pound of dry coal would 
represent 70.5% efficiency of the coal 
containing 11,000 B. t. u. per lb., the 
same amount of evaporation with a 
coal of 14,500 B. t. u. heating value 
per lb. would represent only 53.5% 
efficiency. 

Two heating values must be con- 
sidered for fuels containing hydrogen. 
The heating value found by the calori- 
meter is higher than that obtained 
under boiler conditions by an equal 
amount of the latent heat of evapora- 
tion of the water formed by the com- 
bustion of the hydrogen. These are 
called the higher and lower heating 
values. The higher value, which is 
determined by the calorimeter, is the 
only scientific unit, and its use is 
recommended by the American Society 
of Mechanical Engineers. 

There is no absolute measure of the 
lower heating value. It is an artificial 
unit, which involves the ultimate 
analysis and assumptions that make 
the unit impractical. 

142 — COAL, HOTV TO S EL B20T.— Pri- 
marily, the clayworker is interested 
in coal for three specific purposes: 
(1) to manufacture producer gas, (2) 



to generate steam, and (8) to dry and 
burn clay ware. The question of what 
kind of coal should be used for each 
of these purposes can only be answered 
by the peculiar conditions that govern 
the individual coal-burning installa- 
tion. Climatic conditions, grate area, 
nature of draft, method of firing, and 
numerous other conditions enter into 
this problem, so that it is possible to 
make only general recommendations. 
As a rule, the clayworker and his engi- 
neer will find the coal supply mer- 
chant and the members of the state 
geological survey not only willing but 
very desirous of assisting him to work 
out his fuel problems in the most eco- 
nomical and satisfactory manner. 

Coal for ^Kaking Producer Gas. 

In the clay industry, the gas pro- 
ducer is mostly used to convert low- 
grade ooals (such as run-of-mine, etc), 
lignite, or peat, into gases suitable for 
burning clay ware. Practically any 
kind of coal may be used in the pro- 
ducer, however, the range of practice 
covering all the fuels in the coun- 
try, from peat to anthracite. The gas 
produced from anthracite is of a uni- 
formly rich quality, containing merely 
such impurities as may be successfully 
removed by a washing process. The 
most suitable anthracite is a No. 1 
buckwheat size, but its cost prohibits 
its general use in the clay industry. 

Coal for Stean Purposes. 

For a boiler plant which generates 
steam for power or drying, semi- 
bituminous or bituminous coals are gen- 
erally recommended, their preference 
being due to the fact that they are 
more highly volatile than anthracite 
and therefore burn more readily. With 
these coals, once the gaseous matter 
is consumed and the additional heat 
given quickly to the boilers, the re- 
maining fixed carbon of the coal main- 
tains the even supply of heat. The 
method of firing should always be 
such that the gaseous matter, which 
is evolved quickly when the coal is 
thrown on the fire, will be thoroly 
mixed with the proper proportions of 
air to insure rapid and thoro com- 
bustion; otherwise, the possible loss 
of energry from the use of such coals 
may run into costly figures. For this 
reason, the use of mechanical stokers, 
together with a forced draft, is ad- 
visable wherever the size of the clay 
plant involves the consumption of great 
quantities of coal. For generating 
steam, inferior coals, running high in 
ash or bony coals, can often be used 
with success where ample grate area 
is provided, especially when fed by a 
mechanical stoker. 

The relative value of coals for steam- 
ing purposes depends so largely upon 
the method of usage, equipment, etc., 
that little dependence can be put in 
the comparative records of the fuels, 
unless all the conditions such as grate 
area, draft supplied, rate of demand, 
etc, are well understood. 

It may be safely stated that a de- 
cision on the fuel to be used is a pre- 
requisite to the selection of boilers. 

For example, if anthracite coal is 
used there will need to be a larger 
grate area than if bituminous coals are 
used. The conditions of service should 
also be understood, so that if fiuctua- 
tions in steam demands are anticipated 
these contingencies can be successfully 
met. 

Coal for Burning Clay 'Ware. 

For burning coarse brick in kilns, a 
coal high in volatile matter and pro- 
ducing a flame of long length is re- 
quired, so as to penetrate thru the 
kiln and insure uniform burning. Non- 
caking gas coals are especially suited 
for this purpose, altho almost any coal 
sufficiently high in volatile matter and 
calorific value will suffice, as sulphur 
and other impurities in the coal are 
not of great importance, other than 
In the amount of ash and clinker 
formed. 

In the burning of building brick, 
sewer pipe, terra cotta, fancy tile, 
glazed ware, etc., entirely different con- 
ditions create altogether different re- 
quirements, since coal for these pur- 
poses must be as free as possible from 
impurities that tend to mar or discolor 
the materials being burned. The coal 
should be low in sulphur, as the sul- 
phurous fumes may form sulphuric 
acid, which unites in the kiln with the 
bases of soluble salts to make sul- 
phates, causing white spots (kiln- 
white) to appear on the surface of 

25 



the ware. (See Soluble salt.) This 
class of coa4s should also be low in 
ash content, especially if the ash dogs 
the grates with clinkers, necessitating 
frequent cleaning, with the consequent 
danger that the fine ash will be car- 
ried into the kiln by the kiln-draft and 
deposited on the surface of the ware. 
Clinkering coal is particularly objec- 
tionable where flat grates are used. 
Coal of this variety will often cake 
upon the grate to such an extent that 
shaking is impossible, and removing 
the clinker is possible only by the use 
of slice bars or hooks. In dead bot- 
tom furnaces a clinkering variety of 
coal may not be objectionable. 

148 — COAL USED BY CLAY PROD- 
UCTS PLANTS. — The U. S. Department 
of Commerce reports the amount of 
coal used by 341 industries. In this 
report the clay products industry 
ranks third, being surpassed by only 
the coke industry and the iron and 
steel industry. 

If the figures for the first fifty-nine 
industries on this list are omitted for 
the time being, it will be found that 
the clay products industry uses more 
than the total consumed by all of the 
remaining 282 industries. 

Interesting statistics have been re- 
vealed in a questionnaire filled out by a 
large number of day plants represent- 
ative of the central district of the United 
States. Out of 138 who replied as to 
their annual coal consumption, 23 used 
less than 1,000 tons: 43 between 1,000 
and 5,000 tons; 29 between 5,000 and 
10,000; 10 between 10,000 and 15,000; 19 
between 15,000 and 25,000, and 14 used 
over 25,000 tons of coal annually. The 
total annual tonnage used by these 138 
factories amounts to approximately 
1,245,000 tons. This means that the 
average annual tonnage consumed by a 
clay plant amounts to approximately 
9,022 tons, or about a car load a day for 
each day that the average plant oper- 
ates 

Of the kind of fuel purchased, 39 use 
mine run; 6, screenings; 27, lump; 17, 
egg; 20, nut, and 8, gas. 

The approximate annual consumption 
of coal in the clay products industry is 
as follows: 

Ohio 8,500,000 

Illinois 2,000,000 

Pennsylvania 1,600,000 

Indiana 800,000 

Iowa 600,000 

New Jersey 590,000 

Missouri 550,000 

Texas 376,000 

Tennessee 876,000 

Kansas 860,000 

New York 350,000 

California 270,000 

Georgia 226,000 

Kentucky 225,000 

West Virginia * 200.000 

Minnesota 170,000 

Arkansas 160,000 

Michigan 120,000 

Total .15,000,000 

COLORING MATBRLAlL, BRICK, see 

Manganese oxide, Barium carbonate, 
and the two entries under Iron. 

COLORING MATBRIALS* see Deco- 
rative coloring metals; also Glazes. 

COLORS, OVESROLAZB* see Decora- 
tion, overglaze, etc 

COLORS, UNDERGLAZB, see Decora- 
tion, underglaze, chemical composition 
of colors used. 

COMPOUNDS, BOILE2R, see Boiler 
compounds. 

COMPOUNDS, WIRJE ROPES, see Wire 
rope compounds. 

COMPRESSSRD AIR, see Air com- 
pressor. 

144 — COMPRRSSION.— A term used 
in pottery manufacture to designate 
the method of making any ware by 
pressing the top part of the mold onto 
the lower part, it is used principally 
for fiat ware, for hand made roofing 
tile, etc There must be some provi- 
sion for allowing the excess ox clay 
to escape between the two layers of the 
mold. In use a piece of clay a little 
thicker but a little smaller than the re- 
quired finished piece is placed on or 
in the lower part of the mold and the 
upper part pressed down thereon. There 
must be an excess of clay even the 
a small excess because otherwise the 
mold would not fill out and the ware 
would be a loss. 

14S— .CONCRE2TE.— Is the artificial 
stone made by mixing certain propor- 
tions of cement and clean sand with 
clean aggregates, which can be gravel. 
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broken or crushed atone, oruah«d 
brick, pottery, ete. It has bean found 
that If the aKSregatea have sharp adgeB 

the reaultinK concrete will be BtronKer 
than It ttie aggireKate has round sur- 
faces. For foundations that are under 
water and that must set under water 
natural or hydraulic cement Is satis- 
factory: but for all work above the 
water line Portland cement Is usually 
used. Where accurate measurements 
are required the proportions should bs 
mixed by plHclns each In a box of 
the required size and In nilln? It lav.el 
full. Where the proportions need not 
be so eiact mixing by wheelbarrows 
Ib eatlHfactorv. If the work lustltles 
the expenditure a concrete mixer will 
be found to be very Batiafactory, as It 
turns out good concrete In much leas 
time and with much less exsenae for 
labor. When concrete is mixed by hand 
It should be turned by ehovela four 
times, twice when dry and twice when 
wet. 7he proportions of cement, sand 
and aKsrecjate win vary with ttis dif- 
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14S— CONBS, PVROHBTRIO. — SefeF 
cones atford a direct means of measur- 
ins the degree of beat required to 
burn or to melt a given clay. They are 
really heat measurers rather than ther- 
mumetera, that Is they measure the 
effect of heat upon clay. Technically, 
they are better called pyramids, or tet- 
rahedra, for they are really small trl- 
angutarpyramlda with substantially flat 
bases. They consist of a series of mix- 
tures of clays with fluxes, so graded 
that they represent a series of fusion- 

polDts. They were originally ir'—' ■* 

*-■■ "' " » Oerman cert" 

,3BltTon*'atia 

consisted of washed ZettUz kaolin. 
Rorstrand feldspar, Norwegian quarts, 
Carrara marble, and pure ferric oxide. 



, of good clean sharp sand 

to six parts of aggregate will be found 
very suitable. The theory Is that 
enough sand should bo used to All the 
voids or spaces between the pieces of 
aggregate. If the sand or aggregate is 
not clean these proportions should be 
changed in order to add enough cement 
to make up for the Iobh !n strength 
that will result from the admixture of 
these particles of dirt. The proportion 
of cement and water can best he ludired 
by the way the : 



Int _. ._ _. . „ 

surface should be not less than three- 
) Inch in thickness. This 



. . .."8 of an Ini 

should be made o_ __ ^_ 

to two parts of clean sand, and i 

wet enough to require no tamping, and 
at the same time wet enough to be 
pulled Into place with a straight edge. 
This top surface should be put on fifty 
minutes after the base Is laid. 

116— CON DEN SB K.— A condenser la 
a part of the equipment of the boiler or 
engine room. Its function is to con- 
dense the exhaust steam Into water to 
be used again in the boilers. There 
are several types based on the method 
used In condensing. Two of the most 
generally used are the ]et condenser 



I a Jet by a force of water, and 
(ne steam condensed thereby. In a 
surface condenser the steam is con- 
densed by contact with water or with 
a surface of metal which Is cooled by 
water. Much greater efllclency of the 



follows. The water returning 

boiler from tbe condenser has a tem- 

Eerature very near 212 deg. Fahr. or 
oiling point- A small amount of fuel 

14flA — CONOTICTlvmf.— This term Is 
used to Indicate the property possessed 
by clay ware to transmit heat ' 



MANUFACTURBBS' ANNOUNCH- 

MENTS : 

Schafter Engineering & Equipment 
Co., 28ZS Smallman St.. Pittsburgh, 
Pa. We are engineers, speetallx- 
Ing In the handling of materials. 

Webster Manufacturing Co., Chi- 
cago, 111. For nearly half a cen- 
tury, Webster has designed and 
manufactured elevating and con- 
veying machinery, which has 
solved many complex material 
handling problems. In that pe- 
riod of time, we have worked up 
numerous combinations of speed 
and capacities which will exactly 
meet the specific need of your 



Rcaalt of Bnrn BhowlBg Heat E^hsI to Coae T. 



Soger's Cone 1 melted at 11S0 deg. C, 
(2T0i deg. Pahr.). At each s -'— 



reached, which melts at IBIO deg, C, 
{3470 deg. Fahr.). Following Seger's 
experiments. Cramer, of Berlin, ob- 
tained a new series of lower numbers 
by mixing boracic acid with the mate- 
rials named above; and Hecht obtained 
still more fusible numbers by adding 
both boracic acid and lead In proper 
proportions to the cones. As a result 
there are now SI numbers, ranging 
from Cone 022. which has a fusing 
point of E90 deg, C. (1094 deg. Fahr.) to 
Cone 39 (see fusing point above). 

In actual practice. Seger cones are 
placed in the kltn at a point where 

they can be watched ••-— - 

hole, but at the same 

1 of the 

______ _ _ puTin 

the kiln; In this manner they may be 
used to show, flrst. how rapidly the 



On the basis of this __ 

tivlty the following constants have 

Fire brick .' 003 to .004 

Floor tile 004 

Vitreous clay , .O04B 

Dlatomaeous earth .. .0018 
(See tables on conductivity In statis- 
tical section.) 



cross-partitions and rounded edges, and 
are used as pipes or containers for 
electrical cables and wires when the 
latter are laid underground. Because 
of this condition, the conduits must be 
hard burned with' denqe body, and salt- 

The clays used are similar to those 
from which tlreprooUng Is made, and 
are prepared In essentially the same 
manner as for hollow blocks, being 
molded In augur stifr-mud machlnea: 
but they arc more carefully selected 
With regard to plnstlolty and freedom 
from pyrlte and llmonlte lumps. In 



ind theli 
increasing. For praciicai purpose 
where certain reasonable precautlor 
are taken to Insure their proper us 
they are very suoeessful. (For con. 
position and fusing- points of Seger 



,, .isport any kind of n. 

■rial from one point to another (see 
arlous Items under Conveyors. Ele- 
atora. Ash-handllng equipment and 
larrlers. gravity). 

MANUFACTURERS (see catalog sec- 

Clearfleld Machine Shops. 

Freese, E, M. & Co, 

Green, J.. P. 

Hadfleld-Penfleld Steel Co. 

International Clay Machinery Co. 

Link-Belt Company. 

Philadelphia Drying Machinery Co. 

Schafter Engineering & Equipment 



had years ot successful experi- 
ence In designing material han- 
dling equipment, are at your 
service. We design and build: 
Apron Conveyors. Scraper Con- 
veyors, Belt Conveyors, Screw 

Pivoted Bucket Carriers, V 
Bucket Elevator Conveyors. 
Screens, Feeders, Weigh Hoppers, 
Coal Crushers. Sprockets, Gears, 
Chains. Coal and Ash Handllngr 
Systems. 
150 — CONVEYOR, AUTOMATIC 
TRIPPERS FOR. — In using belt convey- 
ors for clay, coal, etc., it Is often desired 
to dump material Into diderent bins 
at different times. The conveyor usu- 
ally passes over the entire series of 
bins, and an automatic tripper la pro- 
vided to arrange to dump the material 
wherever desired. It consists of « 
frame mounted on four wheels which 
runs back and forth on a track. This 
enables It to be set at any point On 
this frame are two pulleys placed al- 
most directly above one another, and 
the conveyor belt travels over the top 
one, and then around the lower one, 
describing an S In doing so. The top 
pulley acts Just the same ""' 



Ifugal force and is 
which slides it Into 

,.„„ „„, „ omatlc trippers are 

also used for loading cars of ground 

- s clay and simitar products, and If 

1 conveyor is long enough any num- 



) Conveyors, belt; 



MANUFACTURERS (see cat 

tlon}; 
HadJleld-PenJleld Steel Co. 
Link-Bell Company. 
Webster Mfg. Co. 
Weller Manufacturing Co. 



rial to be carried la placed and 



Stev( 



i'oundry & Machine Co. 



head pulley or. at 
iniermenmte [ioiiiib. thru a specially 
designed tripper or unloader. In order 
to increase the carrying capacity of 
the belt and to prevent spilling, tlie 
edges of the belt are turned op by 
some form of troughing rollers, whloh 



Conveyor 
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Conveyor 



are generally spaced on E-ft. centers. 
I%e return belt la supported below the 
carrying belt on flat rollera, usually 
■paced on 10 to 12-rt. centers. On long 
belts, It Is necessary to place guide 
rollers at the edge of the carrying belt, 
usually at Intervals ot 30 to 60-ft, can- 
ters, to keep Che belt travellne In a 
straight line. Because the material Is 
actually carried on the belt, it la pos- 
sible to operate this type ol conveyor 
at a higher speed than any other type 
of mechanical carrier, and thereby to 
obtain relatively greater capacftles. 
(See also Take-ups, belt.) 

MANUFACTURERS (see catalog Sec- 



Caldwell Co., W. E. 
Clearneld Machine Shops. 
Freeae, E. M. & Co. 
aandy Belting Co. 
Goodyear Tire & Rubber Co, 
Iladdeld-Penfield Steel Co. 
International Clay Machinery Co. 
Unk-Belt Company. 



Stevenson C 



Weller Manufacturing Co. 

MANUFACTURERS' ANNOUNCE- 
MENTS: 

Cougar Brand Conveyor Belts made 
by Goodyear Tire and Rubber 
Co. are confidently recommended 
for the brick and clay Industry. 
Their balanced construction of 
body, edges and cover meets the 
requirements of conveying heavy, 
abrasive and often damp mate- 
rial. They stand up to the re- 
verse flexing action that so 
quickly destroys ordinary belts. 
They are Impervious to moisture, 
and subject to a minimum of 
Stretch and shrinkage. Their 
efncloncy Is demonstrated In low- 
cost-per-ton performance. 

1D2— CONVBVOR. BBICK,— In han- 
dling unburnt lirick, belt conveyors 
are used, and In elevating any clay 

wmf s°ma?l"pfat^formB °or^ nights are 
best. Brlclt conveyors, however, are 
considered to refer to the conveyors 
used to transport burnt brick. There 
Is a conveying system In which a chain 
travels a regular route supported at 
Intervals by sprockets. From this 

Ing four or six brick. The men put the 
brick into these frames or baskets at 
one point, and they are conveyed to 
soma other point where other men take 
the brick out and Place them In a 
oar or on a pile. 

See Carriers, gravity. 
MANUFACTURERS (see catalog sec- 



Hadile Id -Pen field Steel Co. 
Link -Beit Company. 
Webster Mfg. Co. 
"Welier Manufacturing Co. 



_. .- that 1 . 

as a means of moving or elevating any 
coal, ashes, clay or other material. A 
bucket conveyor may be ol two types 
one In which the buckets are fastened 
to a belt as described In the Item 
headed Elevator or bucket conveyor. 
Also under Conveyor, chain. Is de- 
scribed a bucltet conveyor using a 
chain or chains for fastening the 
buckets Into a conveyor. 

MANUFACTURER (see catalog sec- 



tlor 
Link-Belt Company. 



nights, 

follow 



cable conveyor 



ders and other raw materials. (See also 
Aerial tramways, Conveyors, drag- 

MANUFACTURERS (see catalog sec- 



Llnk-Belt Company. 
Webster Mfg. Co. 
Weller Manufacturing Co. 

lUA — CONVEYOR CHAIN, — A chain 
1 that uses a chain as 
ir transmitting power 



Maanrall Con 



The chain used Is the regular chain 
as used in chain drives, and flta around 
sprocket wheels at each end of the 
conveyor. Special links that are of 
the same general shape as the drive 
links, but provided with attachments 
for fastening the buckets, plates or 
flights are placed at the points desired. 
These special attachment links can be 
of any shape as long as the main part 
of the link or the part necessary for 



red shat 






! Is 



(See also Ele- 



Llnk-Belt Company. 

IM — CONVEYOR. DRAG-PLATE A 

BUCKET,— The drag-line and bucket 
conveyors are simply modincations of 
the belt conveyor, but designed for 11ft- 

wouM be possible with a plain belt. 
m the drag-plate conveyor the width 
of the belt Is greatly reduced, and a 
chain or metal rod frequently substl- 
■ ' " ' ■ ■ iln added strength and dur- 



ability 
of Iroi 



3 this bel 



chain a 









/ood trough that forms t 
luiKvaj, nu that when the conveyor is 
started, the plates move forward and 
carry the goods along with them to the 
top, where the plates pass over the pul- 
ley and return to the working plane 



for further duty. The objectlor 



,—. = of the plates i 

flrst. In an exceaslve use of power, 
and second In the tendency to con- 



iay wit 

igh la c 



MANUFACTURERS ( 



I catalog S( 



1 be operated 



Hadn eld -Pen Held Steel Co. 
International Clay Machinery Co. 
Link-Belt Company. 
Stevenson Co. 
Webster Mfg. Co. 

lOB — CONVEYOR, HEAVY DUTT. 
HONORAII, TYPE, — The monorail 

system of handling materials conslsta 
primarily of an overhead track carry- 
ing a trolley or carriage on which is 
mounted a hoist tor handling a bucket 
(or some other type of conveyor) ol 
large capacity, from one-fourth ton to 
three or more tons. Both hoisting 
and travel may be accomplished by 
either hand, pneumatic or eleotrla 
power. Standard I-beam sections are 
usually employed for the track, which 
can be equipped wkh single or mul- 
tiple point switches, wherever desired. 
giving great flexibility In B 
plane. These awP ' " - 
from the ground. 

Where electric power Is used, the 
hoist and carriage are made fn two 
forma. One form Is controlled, 'both 
tor hoisting and travel, from the 
ground: with this type the operator 
walks with the carriage when It travels 
along the track. In the other form. 
a carriage is attached to the trolley, 
and the operator rides In It, con- 
trolling all operations from this point. 

For hand operations, a standard 
chain -hoist Is suspended from the 
trolley, and the trolley. In turn. Is 
equipped with a chain -operated drive 
for moving It along the track. 

Pneumatic types are practically the 
same as the hand operated type except 
that the hoist consists of a cylinder 
containing a piston and valves are pro- 
vided for moving the platon up and 
down according to whether the com- 
pressed air is admitted to the lower 
or upper side thereof. Thla ralaes or 
lowers the load, and' the distance that 
the load Is ralaed or lowered Is de- 
pendent on the length ot the platen. 

Where there Is a fixed route of travel 
for transporting heavy materials thru 
the plant, or where coat, ashes, etc, 
are handled In great quantities over 
comparatively short distances, the 
monorail system offers many advan- 
tages. These, ot course, from the 
standpoint of operating economy, should 
be weighed against the advantages of 
other forms of mechanical carriers be- 
fore preference Is given either type. 

These conveyors are very serviceable 
In machine rooms for making repairs, 
machine shops, etc. 

MANUFACTURERS (see catalog sec- 

ClearHeld Machine Shops. 
Madfleld-Penfleld Steel Co. 
Link-Belt Company. 
Weller Manufacturing Co. 

1B«A — CONVEYOR, IDLER. — In 

many conveyors especially of the belt 
conveyor type, there Is always more or 
less trouble wlcb slippage of the belt. 
This la especially true with a long 

sudden excessive loading 

_- _ , j.nd cold weather Is also 

productive of this trouble. Frequent- 
ly damp weather causes a belt to 
shrink and when the weather drys up 
the belt becomes longer. 

It the slippage ot the belt does not 
stop the teed of the material onto the 
belt very serious trouble may ensue 
and eventually cause an extensive cur- 
tailment of production. 

In order to obviate any trouble ot 
this kind an Idler should he used to 

atlon of the conveyor. The adjustment 
of the Idler to keep the same tautnesa 
of the conveyor at all times can be 
made to operate automatically or It 
can be adjusted by bolts, weights or 



lelt. 



Conveyor 
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IH — CONVEYOR. PNBCMATIO. 

— Theae conveyora are the opposite ot 
auction conveyora; that la, they are 
contained In pipe or hose the same aa 
auction conveyors, but the propeUlnK 
force la compressed air Id place ol 
auction. They also are suited to trans- 
port aand, grround clay, One coal, aahea, 
etc. 

MANUFACTURER (Bee catalog sea- 
tlon): 

Link-Belt Company. 
1ST— CONVEYOR, PORTABLH.— Port- 
able, conveyors are of the belt-carrier 
type or the buchet'elevator type, with 
such modlflcatlons as am neceaaarv Co 
meet special operating 



The construction of the portable belt 
elevator Is very simple. The frame 
upon which the trouKblng rollers, the 
two end carrier-pulleys and the driv- 
ing mechanism arc attached Is made of 
wood or of flexible steel for channel 
iron framework. This framework Is 
usually built In sections each 3 ft. long. 
— a conveyor, originally 12 ft. long. 



age with the least tractive re- 
generally conslata o( 



slstai. 

The _.. 

a gasoline engl: 



the motor and driving mechanlai- 

located inside the framework, either at 
the receiving end or the discharge end 



I heavy loads and sevc 



led to advantage at 



Ivlng and discharge areas. A screw 

adjustment or belt take-up of some 
character should also be provided In 
the machine to eliminate excess slack 



wastage of power. 

The belt conveyor may be iband fed 
or fed, where convenient, by a a;ravlty 
carrier, the receiving end being In- 
variably supplied with a hopper, from 
which the material to be moved la 
dropped onto the moving belt. 

Where the portable 
belt conveyor operates 
in kilns, a high tera- 



elehth-ln. rubber 
with a two-ply J 



Portable belt conveyors are usually 
furnlahed with belt carriers of 12, 18 
or 24 -Id. widths, and In any desired 
length from 13 ft. upwards to 40 ft. 
The capacity varies with different 
(ypes, but the smallest to the larg-est 
will handle approximately 60 to ITS or 
tons of earth or clay per hour, 35 



to 50 l.__ 



I of (_. 

ITE I 



. 40 t 



SO 1 



1 of 






. . rials must 

handled In large quantities, such 
gravel and sand In pit and 
shale In brick plants, coal 



_jual!y ranges from K 

to lU cu. yds. per mln,, operating at 
full capacity. 

The unit usually consists of a gaso- 
line or steam-driven tractor, either of 
the caterpillar or the tour-wheeled 
road-engine type. upon which la 
mounted a complete bucket-loader ele- 
vator, with, say, H buckets, spaced 
about 18 Ins. apart, and mounted on 
two strands of roller transmission 
chain. The elevator frame may bfl 
plvotally mounted on a shaft at the 
top of the main supporting frame, thus 
permitting adjustment of the lowar 
end for digging or for swinging the 
bucket conveyor Into a nearly hori- 
zontal position for moving or shipping. 
A worm and worm gear, operated by a 
handwheel, are used to raise or lower 
the device. 

The roller transmlsalon chains should 
be machined and hardened and of suO- 
clent strength to provide a conslder- 



r with Portable Conve 



lengthening of the belt, to any dealred 
length up to 60 ft., provided the 
original framework, power i 



were sufficiently strong to carry their 
share of the added burden. 

To permit easy shifting of the belt 
conveyor from one vantage point to 






foui 



design being such that the truck may 
be easily demounted, If the conveyor 
la to operate at a more abrupt angle 
than Its mounted position will allow. 
In some makes, however, demounting 

veyor Is to be placed on a sloping 
roof or In some other position In- 
accessible to the truck. In these types, 
the conveyor frame Is supported by 
adjustable steel cables, which. In turn. 
are supported by a special two-masted 
rigging which rises from the truck 
Shafting. These cables are so posi- 
tioned and manipulated as to permit 
the elevation of the belt-carrier to any 
angle up to 4E deg. 

In handling loose materials, the con- 
veyor Is equipped with sklrtboards, 
which prevent spillage. Frequently, 
where brick, hollow tile, etc.. are to 
be handled at an abrupt elevation, steel 
plates are fitted on the belt at right 
angles to the direction of travel. 

The traction wheels of some con- 
veyors are also mounted on swlvellng 
axles, BO that, with the wheels operat- 
ing In a lateral position, the entire 
conveyor may be moved back and forth 

(I. e., from left t- 

at will; or, by 

pivot, the loadlni, „ 

around, In a complete circle, and the 
load discharged at any point desired. 
The object of the swiveling axles Is 



mission chain, after, 
course, necessary gear and chain re- 
ductions have been made between the 
power unit and the driving mechanlam. 
to obtain the largeat practical driving 



ame proportional efficiency In 

ng brick and other materlala. 

Portable belt conveyora may often 
be operated In series; that la. to have 
one conveyor discharge Into the hopper 
of a second conveyor and so on. Where 
this Is dona (especially where brlak. 
tile or other abrasive material Is to 
be handled). It Is good practice to 
, .., the ■' ■- 



belt sufficiently 



hinged that It 
Is always In a 
horizontal po- 



tha WB 



feeding bucket 



Power IH generally derived from a 

motor truck type of gasoline engine, 
with all parts carefully protected, yot 
easily accessible. Lubrication Is a vital 
factor, and too much care can not bO 
exercised In choosing a machine pro- 
vided with an efficient lubricating sys- 
tem. Most manufacturers supply full 
instructions to enable the operator to 
keep the machine properly oiled and 
greased, and if these Instructions are 
adhered to, repair bills and avoidable 
shutdowns win be reduced to a mtnt- 

The portable bucket-loader conveyor 
Is simple to operate. Ordinarily, one 
attendant supervises all meohantcal 
detail. One lever controls the move- 
ment of the tractor, from right to left, 
as the revolving dlska or the blades 
or arma of the feeding mechanism bur- 
._ ^.. . . ^_ ■je moved and 



Loading Truck with Portable CoaTcr or. 



of labor, and. when weather c 

do not permit their usage outdoors. ., 
IH a simple matter to transfer them 
Indoors for any available duty. 



!r It to the elevating buckets. 
nrd and reverse motions, con- 
d by friction clutches, are made 

rictlon clutch, operates the chain 
ickets; thua the control of the 
lor buckets la Independent of the 



CODTOyOT 
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control ol the power unit bo that the 
chain of buckets ma.y be started or 
■topped without reduclDK or acoeler- 
atlnc the normal speed of the motor. 
All levers, togrethcr with the motor 
controls, are placed within easy acceae 
of the operator. 

The discharge spout Is alao pivoted 



Special measuring boppera c. 
are furnished when required. 

Frequently, the bucket-loader con- 
veyor Is used in combination with a 
series of belt conveyors for carrylDK 
and BtorlnK coal, shale, etc This sra- 
tem practToally eliminates shovel Id k 
and all hand work. 

MANUFACTURERS (see catalog see- 

Freese. E. M. & Co. 

Weller Manufacturing Co. 
1118 — OONVBYOR, SCHBW OB. 
■FIRAI.. — This type of conveyor con- 
Blsts of a shaft around which sheet 
Iron is wound In a eplral form and 
fastened at right angles thereto. When 
Che abaft revolves the spiral piece of 
sheet iron works as a sorew and 
pushes or pulls the material from one 
end of the conveyor to the other. The 
baa a round bottom which at- 
f little space on the outside of 
cno conveyor. This prevents any of 
the material from falling back. Sorew 
conveyors can be operated horizontal- 
ly or on a small angle. They are used 
successfully for transporting any clay 
almost any distance. The only requi- 
site Is that the lumps be not too large. 

MANUFACTURERS (see catalog sec- 



ernatlonal Clay Machinery Co. 
Link-Belt Company. 
Webster Mfg. Co. 
Weller Manufacturing Co. 



._ _ _. a exerted at 

3nd of the pipe or hose. It Is suited 
Lu transport ashes, ground clay, tine 
coal, sand, etc. 

1«0 — CORirWALI. STONE OR OORM- 
ISH aTONBr— This Is the most variable 
mineral used In whlteware, but the 
following Is the average composition: 



O.0S MgO tl' 
0.62 KNaOj 



.3* AliOi >.T SlOi. 



vltrlfled body made from It doei 
not shrink as much as one made from 
■par. . It also gives a stronger body 



and blistering. It gives the body a 
brownish green color under oxidis- 
ing, and a creamy translucency under 
reducing conditions (due to iron con- 
tent). It Is obtained from England. 

1«1 — COST ACCOUNTING.— An Im- 
proved system of boclckeeplng which 
provides an accurate record of all de- 
partmental as well ae general expenses, 
and enables the manufacturer to pre- 
determine approximately all future ex- 
penses, either on a monthly, quarterly, 
•emi-annua] or yearly basis. The sys- 
tem likewise enables the manufacturer 
to determine the weak points In his 
organization by an accurate compari- 
son of the costs of all steps In produo- 
tton and distribution, thus permitting 
him to "weed out" unsatisfactory 
methods and labor. In the departments 
which are bearing more than their 
share of the general expense. Cost 
accounting likewise provides a satis- 
factory working basis for determining 
the price at which an article must sell, 
either In bulk or In small lots, to make 
it a commercial success. 



ain shaft operates at too high k,. 

too low a speed to be able to drive the 
machlnea direct therefrom or often the 
main shaft Is not placed exactly Tight 
to drive direct. To overcome these 
difflcultlea and make the transmission 
Of power more flexible countershafts 
are installed. The best location for 
them IB hung from the ceiling but 
often they are placed on concrete pil- 
lars, the advantage of the latter con- 
struction being that the boxes are 
more accessible and there Is less dan- 
ger of the shaft getting out of line. 
When hunB from the roof there are 



many little forces like the settl: 
the building that are tending t 
turb the perfect lineup of the 
Ing. The use of countershafts 
most entirely reBtricted to belt i 
(See also Shafting; Pulley.) 

MANUFACTURERS (see catalc 

CaldwettCo., W. B. 

Stevenson Co, 
103— C O U P L I N O, SHAFT.- 

couplings are attachments wbl 
onto the ends of shafts to fasten 
together, and make them act ai 
tate the same as one shaft. Om 
Is made rigid In which a oastj 
key-seated to each end of the 
and the two castings are bolti 
gether. In this type the bearlngi 
be absolutely In line, as the sha 
comes practically one continuous 
Flexible coupllngie are also ms 
which some strong flexible ma 
like leather, rubber belting or 
fabric or canvas. Is substantlall 
tened to each casting by the bolti 
power from one shaft Is thereby 
mitted to the other. Flexible cou 
are useful wherever It is desli 
join two shafts that may or m< 
remain In perfect allgnmenL 
MANUFACTURERS (see catalc 

Caldwell* Co,, W. E. 
Freese, E. M. & Co, 
Link -Belt Company. 

Toronto Foundry & Machine C 
Webster Mfg. Co, 
XM — CRANE.— A crane Is a mi 

for raising and lowering heavy w 
and for moving tbem thru mo 
less limited distances while the 
suspended. 

A Jib crane consists of an u: 
post which Is braced at both tt 
and bottom, and an arm extendi 
right angles to this poBt ttnd 
Stan tl ally supported therefrom, 
this arm a hoist of some kind, 
a chain block, electric, pneuma 
Steam hoist Is hung. The trai 
a Jib crane Is tlmlted to the leni 
the arm, and the load Is moved 1 
movement of the hoist while It 
the load, 

A derrick crane Is the same 
Jib crane except that the centei 
is built BO that It will swing In a 
thus enlarging Its capacity and 
A locomotive crane Is the sai 
a derrick crane with the add It I oi 
It Is mounted on a truck conti 
four wheels and has Its own r 
power Bo that It can move from 
to place, and have a load susr 
while moving. The load Ii 



fastened 



to the bed at an angli 

jw ^iBiTellng crane Is one * 
placed on a track above groL. 
spans a space of ten or 12 feet o 
One rail Is placed under each ■ 
t the ends. It has a hoisting ai 



tl: 



mllai 



I derrlch 



Cranes are used for unloading, 
dllng, moving, setting and relc 
heavy castings and machinery, 
mechanical brick setting machl 
operated from a traveling crane 
Setting machine and Loading ma 
MANUFACTURERS (see cafalo 

tlon): 
Hadfleld-Penfleld Steel Co, 
Link-Belt Company. 
Toronto Foundry & Machine C 
CRANB, KILN, see Kiln crane. 
CRBTACBOVS, see Geological 
lU CROCKBRY WARE!, A gr 

term given all pottery products 
from common clays, but more esp 
ly used to Indicate the cheaper g 
it kitchen utensils. 

109— CRUCIBLE) MANUFACTH 
Clays for making assay cruclbi* 
rather common and easy to find, 
IS not known what exact quality i 
one clay more superior for this 
pose than another. The only prs 
way to tell a crucible clay Ib to 
crucibles of It and test the pr 
The clay, however, need not b 
tremely refractory, nor can It be 
fusible. It should not be eicee 
slllcious nor excessively alumlno' 
must be worked with plenty o( gi 
Plenty of equivalent in order t 
able the product to gtapd sudde 
severe changes In t^Joperature. 



Crusher 
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Cutter 



which is stationary, the other mounted 
to work on & hinffe or pivot. The faces 
of the jaws are set to work on an 
angle sloping: towards each other at 
the bottom, thus forming a V-shaped 
hopper. The movable jaw Is actuated 
in a forward and backward movement 
by the motion of eccentric or pitman, 
and thru this Jaw the heavy steel drive 
shaft passes. As the steel jaw is al- 
ternately driven forward and back- 
ward, the hopper is alternately nar- 
rowed and broadened; this allows the 
rock or clay fragments to progress 
gradually downward until the crushed 
particles are small enough to pass the 
exit opening. Ordinarily, however, one 
movement of the crushing jaw suf- 
fices to break the material into parti- 
cles of the desired size. 

There are numerous modifications of 
this type, some of which permit ad- 
justment between the two jaws, thus 
furnishing any desired size of particles. 
The various models, completely in- 
stalled, weigh from about 6,000 lbs. to 
600,000 lbs., and will crush clay into 
particles ranging from one-quarter in. 
In size, upward. The capacities range 
from about one-half ton to 600 tons of 
crushed clay hourly. Horsepower con- 
sumed ranges from five h. p. to 260 h. p. 

Altho normally designed for rock 
crushing, jaw crushers are used in 
many clay plants for reducing hard, 
lumpy clay, shale, etc. 

MANUFACTURERS (see catalog sec- 
tion): 
Hadfleld-Penfield Steel Co. 
International Clay Machinery Co. 
Link-Belt Company. 

170— CRUSHER, ROIili-H A M M B R 
AND 81VING-H AMMER. — The roll- 
hammer crusher is adapted for reduc- 
ing limestone, shale, etc., into rela- 
tively small particles, when lumps can 
be fed to it in four-in. sizes or smaller. 
The machine consists of a heavy steel 
or cast-iron casing, in the lower sec- 
tion of which is a curved grid screen, 
which acts both as a grinding plate 
and screen. At one end, the top of the 
casing is provided with a receiving 
hopper. Below the hopper is a heavy 
steel impact or breaker plate. A shaft 
extends thru the center of the cas- 
ing. Heavy steel discs are attached 
to the shaft; and to these discs, sus- 
pended from the ends of 12 steel arms, 
six heavy hammers are attached. These 
hammers revolve at a speed equivalent 
to 120 hammers passing a given point 
each second. As the hammers pass the 
receiving opening, they catch and hurl 
the clay or shale lumps against the 
breaker plate, reducing them instantly 
to relatively small sizes. The rapid 
downward movement of the hammers 
then carlries these particles to the 
grinding plate (really a series of steel 
screen bars) and completes the disin- 
tegration. The particles then drop 
thru the screen to pit, elevator or con- 
veyor. The grid screen is made in re- 
placeable sections, and is generally ad- 
justable to furnish any size particle 
desired. 

MANUFACTURERS (see catalog sec- 
tion): 

American Pulverizer Co. 

Gruendler Patent Crusher & Pulver- 
Izer Co 

Hadfleld-Penfleld Steel Co. 

Link-Belt Company. 

Williams Patent Crusher & Pulver- 
izer Co. 

MANUFACTURERS' ANNOUNCE- 
MENTS : 

Williams Patent Crusher & Pulver- 
izer Co., St. Louis, Mo. Invent- 
ors of the Hinged Hammer & 
Swing Hammer Crusher and larg- 
est exclusive manufacturers in 
the world of this equipment. 

171 — CRUSHER, SINGLE-ROLL.— The 

construction of these machines is very 
simple, avoiding awkwardness and un- 
necessary complication of working 
parts. The crusher, mounted on a 
heavy cast-iron box frame, contains 
bearings for a roll shaft and a driving 
shaft. The box frame contains a crush- 
ing roll, provided with teeth or flutes 
of suitable size to reduce the material 
as desired. There is also a breaking 
plate against which the crushing roU 
works to break down the material; 
this breaking plate may be of a fixed 
or adjustable type. In the latter case 
the distance between the roll and 
breaking plate may be altered as de- 
sired. Single-roll crushers are made 
in a wide range of sizes, for both port- 
able and stationary installations. 



MANUFACTURERS (see catalog sec- 
tion): 
Bonnot Co. 
Freese. E. M. & Co. 
Hadfleld-Penfleld Steel Co. 
International Clay Machinery Co. 
Link-Belt Company. 
Stevenson Co. 

Toronto Foundry & Machine Co. 
Webster Mfg. Co. 
Weller Manufacturing Co. 

MANUFACTURERS' ANNOUNCE- 
MENTS : 

Stevenson Co., Wellsville, Ohio. 
Stevenson Crushers are furnished 
in a range of sizes that will meet 
practically any demand. Firstly 
— they are designed right. Sec- 
ondly — they are built right, thus 
assuring you the best machines 
of this type that can be secured. 
Several types of roll are offered 
for customer's choice. 
BUILT FOR SERVICE — HENCE 
—A MEMBER OF THE STE- 
VENSON LINE! 

172 — CRUSHERS, TWO-ROLL A 
COMPOUND. — Roll crushers generally 
consist of two chilled steel rolls 
mounted horizontally on a heavy cast- 
iron or steel framework, the slow- 
speed machines generally being oper- 
ated by gear drives, and the high-speed 
by belt drive. The shafts of both rolls 
may be stationary, in which ca^e the 
bases of the bearings form a part of 
the main frame; or one may be sta- 
tionary and the other movable. In 
the latter case the bearings of the 
movable roll are arranged to slide on 
the main frame to permit the rolls to 
be set at various distances apart, ac- 
cording to the size of particle desired 
in the crushed product. The size of 
raw materials which the rolls will 
take depends (1) upon the size of the 
rolls themselves, and (2) upon the dis- 
tance between the rolls. There are 
many modifications of this design, in- 
cluding the compound crushers which 
utilize two sets of rolls, one set being 
placed directly over the other set. so 
that, as the crushed material passes 
thru the top set of rolls, it is fed to 
the secondary set which completes the 
crushing operation. 

In a crusher having rolls of the same 
diameter driven at the same speed, 
breaking up the lumpy or rock-like 
fragments is done by crushing force 
alone; but if the rolls vary in size, or 
if they are driven at different veloci- 
ties, the clay particles are both 
crushed, by being drawn between the 
rolls, and also subjected to the rend- 
ing Infiuence of friction and rubbing 
between the clay and roll. This is 
illustrated in certain crushers wherein 
a large, slowly moving roll draws in 
the clay lumps, while a rapidly revolv- 
ing smaller roll supplies the real dis- 
integrating energy. 

In some machines, the rolls are fitted 
with projections, which tend to knead 
the clay more or less as It passes thru; 
these projections may be rows of steel 
lugs or pins, or a series of knife edges 
or cutting bars set in the surface of 
both rolls. 

In other types, especially those used 
for crushing soft clays, the rolls may 
be faced with corrugations or a wind- 
ing tread; this system increases the 
kneading power of the crusher and is 
effective in removing large lumps or 
stones from the clay by carrying them 
along the pitch of the tread and dis- 
charging them at one end of the roll. 

The conical corrugated crusher oper- 
ates in much the same manner, being 
particularly applicable to loamy or 
glacial clays; the revolution of the 
rolls carries the limestones or other 
pebbles toward the end of the cone 
having the largest diameter, where 
they are discharged. 

A set of average sized rolls, in prac- 
tically all standard roll crushers, will 
prepare clay for 25,000 to 160,000 brick 
(96 to 670 tons) per day, the output 
depending upon the speed of the crush- 
er, where the clay is of such a nature 
that it requires no other preparing ma- 
chinery. 

MANUFACTURERS (see catalog sec- 
tion): 
Caldwell Co., W. E. 
Freese. E. M. & Co. 
Hadfleld-Penfleld Steel Co. 
International Clay Machinery Co. 
Link-Belt Company. 
Steele, J. C. & Sons. 
Webster Mfg. Co. 
Weller Manufacturing Co. 



Williams Patent Crusher & Pulver- 
izer Co. 
CUP GREASE, see Lubricating oil 
and grease. 

178 — CUTTER AND CUTTING 
TABLE, ALL TYPES EXCEPT RO- 
TARY. — In one type the cutting frame 
is placed next to the die of the brick 
machine and the measuring belt at the 
opposite end. The measuring is done 
by the column after the clay has been 
cut but before the brick are separated. 
The measuring belt drives the measur- 
ing pulley, one revolution of which 
measures the proper length of the 
column and trips the mechanism which 
sets in motion the independent power 
for making the cut and drawing the 
table back in position. The machine is 
mounted on a strong cast-iron base, 
which makes it self-contained and in- 
sures alignment. The base is ma- 
chined and lined with steel tracks for 
the rollers which carry the cutting 
frame. The thrust bars can. be removed 






iiiiiiiii 



Flff. No. 1. Cutter for U«e with Steam 

Pre««. 



and others substituted for changing 
the thickness of brick every few 
minutes. The thrust bar adjustment 
permits a variation of the column 
width from 7% to 10% ins. The wires 
are very short, measuring 12% ins. 
long, the object being to reduce break- 
age to a minimum. It is also a simple 
matter to change the wires while the 
table is in operation. The table is de- 
signed to cut brick within 26 ins. of 
the brick machine die. The machine 
is equipped with an 18 by 6 -in. driving 
pulley, which makes about 180 r. p. m. 
Over-all floor space occupied is 13 ft. 
2 ins. by 6 ft. Capacity, 6,000 to 8,000 
standard building brick per hour. 
Total weights, 6,600 lbs. 

A feature of this type of machine is 
the right angle delivery; that is, the 
off-bearing belt connects with a sepa- 
rating belt made up of angle-iron side 
pieces and cast-iron frames. This 
separates the brick, before delivering 
them to the belt conveyor, to facilitate 
easy handling. 

Special models of this type of cutter 
are capable of making 10,000 to 16.000 
side-cut brick per hour. In this size, 
the length of column cut at each opera- 
tion is 72 Ins., which enables the cutter 
to have a large capacity with a rela- 
tively slow movement. 

Seml-Aatomatlc Cutter*. 

Figure No. 1 shows a semi-auto- 
matic cutter for use in connection with 
a steam press or plunger machine. The 




Fig. No. 2. Hand Operated Board De- 
livery Cutter. 

machine derives its name, semi-auto- 
matic, from the fact that the cutter 
clutch is tripped by a hand lever. Oc- 
casionally it is found advisable to con- 
nect the tripping lever to the plunger 
in such a manner as to convert tbe 
cutter into a full-automatic machine. 
The platens in this type of cutter can 
be made so as to space the wires any 
distance apart. The machine will cut 



80 
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as Wide bb IB Ins.. aa hifh bb 12 Idb., 
and BB long bb 60 Ihb. The off-bearlnc 

belt Is Kenerally lurnlstied In 2a-ft. 
nectlonB. The machlDe itaelf occupies 
a floor space of 9 ft. S InH. by S ft. 1 In., 
and has an over-all lieiKht, with platen 
TBlsed, ol about four It. 
DawB-Cnt Board Delivery Table, 

cond illustration (see FlfC- No. 

, __r cnttlnf 

Biiis-uui ui-iuK, face brick, Are clay 
BlabB, Are brick, etc It Ib hand-oper- 
ated and haB a rated capacity of a.OOO 
to 3.000 standard slie brick per hour, 
depending upon the ability of the 
operator. The wlrea are suspended on 
a movable cutting frame lltted with 
rotary wire tlRhtenerB. The push 
board Is stationary. The operator 
stands at the end of the table farthest 
rrom the machine, and manipulates the 
lever by which the wires are drawn 
thru the bar of clay; the action la such 
that it gives a clean cut. with one 
smooth edge and end on each brick. 
The pallet or board is drawn under the 
brlcli while belns cut. The cutting Is 
done at ■ 



Which the Wire 



Clay column. The back stroke of the 
lever puts the wires In their original 
poBltlon and deposits the board with 
brick at the front of the table from 
where they can be removed by band. 
~ - - ■ - 1 delivery table 



but the 

faclurers." f or "elYher rfglit-' or left- 

tiand delivery. 

Side-Cut Board Dellverr Tabln. 

The conatructlon and operation of 
side-cut board delivery table (see 
Fig. No. 3) very closely approxi- 
mates that o{ the down-cut board 
delivery types. As with the down-cut 
table, the cutting Ib done at the mo- 
nietit when the traveling clay column 
abuts against a stopping plate near the 
operator, which starts the table to 
move with the column of clay. After 
the cut Is made, the back stroke of the 
lever replaces the wires In their origi- 



nal position and deposits the pallet of 
brlcK at front of table for quick re- 

Va.rious makes o( side-out board 
delivery tables use many different 
methods of lubricating the clay col- 
umn to carry It from the die machine 
to the cutter without excess sticking 
and smudging of- the carrying mechan- 



ism and t 

lubricating roller at each end. Is uaed 
In conjunction with a device for oiling 
the aide and bottom of the clay col- 
umn. The table Itself is made of Iron 
and steel, with all working i 



The push I 



I also 



:oll- 



s and clogging. In the I 

machine, the cutting wires are held at 
the lower end by tugs and at the upper 
end by spring bows: in other makes, the 
tension at the wire Is adjusted by 
meana of a coil spring (for example. 
Bee arrangement of wlrea in Fig. No. l). 
Hand Power Cattera. 

Fig. No. 4 or last Illustration deplete 



12-in. and S-1. 



n by adjustable 



width of the b 
column, both 



the platens to suit the 
ock being cut. Oil roll- 
ed to lubricate the clay 



, generally adjust 
Bi ihe receiving end, a.re ueu: 
ated In connection with this 



clBSsea of duty. 



( the automatic 



Freese, E. M. & Co. 

Hadfleia-Penfleld Steel Co. 

International Clay Machinery Co. 

Stevenson Co. 

MANUFACTURERS' ANNOUNCE- 
MENTS ; 

Freese & Co., B. M,. Oallon. Ohio. 
Automatic clay column reliever — 
a device installed on an auto- 

lieve the column of clay of the 
work of operating the cutter car- 
riage, thus preventing swelling of 



cutter — gradually reduced speed 
of cutting reel after clutch Is 
disengaged, stopping It without 
Jar In proper poslllon. 

Cone clutch tor automatic brick 

Ing cutting reel of automatic 
brick cutter. Allows high speed 
without undue shock. 

1T4 C VTTEK AND CUTTING 

TADLE. ROTARV, ALL TYPBS.— The 
rotary cutter, In all types. Is essen- 
tially a quantitative production ma- 
chine, due to Its simplicity of operat- 
ing detail and dexiblUty of applica- 
tion. The various designs are now 
supplied by different manufacturers In 
sisea rated to meat the retiulrementa 
of any plant. 



Is 



tic cutting table 



frames are stationary, being bolted 
securely to the I-beams or other floor 
supports, and reinforced with a cast- 

rlving gears tor the r 



which 



The i_. 

rted In their rotary 
movement on large rollers and the 
end movement of the reel is also car- 
ried on rollers. Tho reel la provided 
with four sets of cutting wires and 
makes a quarter turn at each move- 
ment of the table. Thta motion Is con- 



trolled by the measuring pulley, which 
la at the opposite end of the cuttsr 
from the brick die. Each revolution 
of the measuring pulley Is equal to the 
combined width of the platens. Each 
time the measuring pulley makes one 

revolutf-- '- --' -'- - 

motion 

which the cutting Is done. The reel li 
drawn back In position for the i 
cut automatically. The wlrea n 



column, giving a flne. smooth edge to 
the brick. Two flexible brakes are pro- 
vided which stop the reel after each 
cut, the design being such as to elimi- 
nate Jar and vibration. The brakes 
are also supplied with simple adjust- 
r taking up the wear. In this 



machine, and the measuring belt Is 
placed at the opposite end. This per- 
mits cutting the brick within 30 Ins. ol 
the die. The cutter can be arranged 
for any capacity from 3.000 to 10,000 

of belt, has over -all dimensions of E br 
by IE ft,, and weighs, in the largest 



paving block cutter 
rigid end frames are eliminated and 
the cutting apparatus Is simply mounted 
on a heavy frame constructed of two 
steel channels, held together by heavy, 
cast-iron stretchers, with the caat-lron 
bearing stands for the driving mechan- 
ism securely bolted to the floor. The 
maximum length of cut In this type 
of cutter usually rangea from 40 to 
62 Ins., with capacities of 6,000 to 12.- 
GOO building brick per hour and E.OOO 
to 10,000 paving block per hour. Ro- 
man brick up to 6 by 13S4 Ins-, hol- 
low blocks up to 8 by B Ins., and radial 
chimney blocks up to 7 by 12 Ins. are 
cut with equal facility. The machine 
can also be used to cut two or three 
streams of end-cut brick or hollow tile. 
In thla machine, the cutter Ib also 
belt-driven, preferably from an over- 
head countershaft, which Is also used, 
by a separate belt, to drive the off- 
bearing table with a quarter-turn 
drive. In this machine, only two polnta 
require, or are apt to need, adjustment; 
namely, the brake and the locking de- 
vice. This brake, which Ib attached 
to absorb ths shocks due to starting 
and stopping the cutter repeatedly. Is 
fitted with friction surfaces which may 



Side-Cat Briek 



vice Is also adjustable, but in neither 
case Is the wear so severe as to require 
frequent attention. The measuring 
belt operates the locking device, which 
holds the cutter section In position, 
and which, when released, automatic- 
ally trips the clutch that drives the 
cutting reel. There are three sets of 
wires, which paas thru the column of 
..__. i^ ^ downward shearing — 



p each c 



s the 






__ined 



ted with removable plates to prevent 
wear on the main castings. 

The power to return the cutting sec- 
tion to position after each cut la ob- 
tained from the belt which drives the 
off-bearing table. The spaces between 
the measuring belt, cutting section and 
otl-bearlng belt are bridged with a 
steel apron, leaving no gaps for the 
bar of clay to fall thru. 
Hodlflcd RotarT Automatic Types. 

Some designs eliminate the uae Of 
the measuring table by operating the 
cutter In connection with an express- 
ing machine from which the clay flows 



CLAT PBODUCTS CTCLO?EDIA 



Intermittently: coneequentt)', the raal 
o-TTiStgo does not travel. In otbor 
types of rotary automatic outtera the 
mechanical detail may diverge radloal- 
Ir from the ahove deicrlptlons. but In 

Sractlcally all caseB the deBlsn will be 
ound to embody the same fundament* 
ale, both aa reffarda construction and 
operation. This la revealed In Ogiire 
two, TBhloh pictures an automatic 
table built eiclualvely for slde-cut 
duty, employing a revolving reel, 
aqulpped with arma that carry the 
cutting fflrea. In thla type, the move- 
ment of the clay, aaalated br a frio- 
tlon device. Imparts motion to the end- 
lesH belt of the table, adapting Itself 
to the speed of the machine, and Insur- 
lag a perfect cut whether running fast 



The 



lold the 



follow the KUldea on the endleaa belt, 
making a perfectly square cut. The 
endless carrier, as It moves forward, 
travels down a curved Incline which 
parts the brick so that the ascending 
wires do not touch them. A conven- 
ient extension at the feeder-end sup- 
ports the column of clay from the die 
to the table. Having been cut, the 
brick are delivered to an oS-bearlng 
belt, whloh. running at a greater speed, 
aeparatea tbe brick for handling. 

Thla same prlnolple la applied to tbe 
construction of many makea of end- 
cut brick tables, etc 
ADtasaatle Tile Cotters. 

The construction of the automatlo 
, built exclusively tor that 



allows It to b- 

of the tile macbin 



automatic roUry tables, suitable for 
practically all claasea of cutting. 
Practically the only difterence between 
them and the automatic designs Is 
that tbe semi-automatic types are me- 
chanically controlled by two operat- 



After each revolution of the shaft 
which cauaes one set of wires to pass 
the column of clay, the clutch Is 
■ "y dl ' --' — - 

permits the 

reg-ister with the traveling bar of clay 
and also to return the carriage to Its 
orlKlnal position after the cut baa been 
made. The levera are placed at the 
i end of the machine, enabling the 
— ... (^ watch the bar of olay and 
r lubrication. The oft-bearing 
y be driven by a pair of bevel 



islgns, for handling various 
ind lengths of clay columns. 
end-cul brick, hollow brick 



I requirements of 



- with the dogs or pawls, 

similar to a ratchet. These, pawls are 
operated by a horizontal bar. A down- 
ward motion of the bar revolves the 
reel and forces the cutting wire thru 
the clay column. _ After eaoh_f* "■- 

place on the i 

The simplest designs of band power 

rotary cutter cooalat merely of two 
floor supports, upon which the revolv- 
ing shaft and reel are placed. Tbe reel 
contains three aeta of wires or two- 
wires each, and Is entirely stripped of 
all other paraphernalia. The table con- 
slats of a number of rollera to sup- 
port the clay column. This type Is 
adapted for making end-cut brick or 
cutting tile of 3 to 8-tn. slies, and Is 
very reliable for this purpose. 

MANUFACTURERS (see catalog eec- 



Freese, E, M. & Co. 
Hadfleld-Penfleld Steel Co. 

tional Clay Machinery Co. 

Stei 

MANUFACTURERS' ANNOUNCE- 
MENTS : 
Freese & Co., E. M., Gallon, Ohio. 

Automatic clay column reliever — 
a device Installed on an auto- 
matic cutter to automatically re- 
lieve the column of clay of the 
work of operating the cutter car- 
riage, thus preventing swelltnB 

Band brake for a 

" radually reduced apet 
- --" ■utch 1 



teele. J. C. ft S 
1 Co. 



matic brick 

of cutting reel" after clutch 1b 
disengaged, stopping It without 
Jar 



Ick 



In proper poaltlt 
one clutch for automatic 
ter — a cone clutch for operat. 

....... .„.,„,.= .nl" 

t undue shock. 



I of the clay upon the t 



be cut fast or alow, according 
■peed of the clay column. Thi 



'ding to tbe 



a of t 



of 



play, and the points between whloh 
the cutting wlrea are stretched are 

frovlded with rollers, which meet the 
ron guides on the carrier belt and 
carry the wires downward thru the 
column. The tile carriers can ha taken 
oft by simply turning a button on the 
DDderslde of eacti. and flat carriers tor 
building blocks Installed by the same 



shows the structural detaila of _ _ _ 
cent type, with a rated capacity of 
2, BOO to 4. ODD building brick per hour. 

r be uBf^ ''- — '■■ — 

_. jut brlc 

for cutting hollow brlu„ ._ . 

blocks when fitted with the proper 
platens, which are supported on a steel 



provided with teeth 



etc). 



: cut the clay Into pre- 
es <brlch. blocks, hollow 
I It Issues. In the ton 



tensile strength, according to the type 
of machine for which they are de* 
signed, but are generally made of No. 
18 or 30 gage wire, with a single or 
double loop at each end, the end 
strands being both twisted and sol- 
dered to Insure maximum strength and 
service. Some manufacturers also give 
their cutting wlrea a rust-proof treat- 
ment to prevent corrosion and decay 
during storage. Care In packing Is 
another Important factor, as It pre- 
vents crooking, buckling and tangllnc 
of the wires In shipping and storlnf. 
MANUFACTURERS (see catalog sec - 

Bon not Co. 
Freese. E. M. & Co. 
Hadfleld-Penfleld Steel Co. 
International Clay Machinery Co. 
Steele. J. C. & Sons. 

> Lubricating oil 
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ira — DAMPER, KILN AND BOII,BIR. 

— A damper ta an attachment tor regu- 
lating tbe amount of draft. The use 
of fuel at any point requires a definite 
amount of air for economical consump- 
tion, and except In the case of up- 
draft kilns the products of this con- 
sumption are usually carried off In a 
stack. Draft Is tbe force which ac- 
complishes this, and a damper Is In- 
stalled to regulate this force. At times 
a fan Is uaed In place of a stack and 
the draft can be regulated by the 
speed of the fan. Too much draft 

Eulls the heated gases out before they 
ave done their work and too little 
draft reduces the capacity and uses 
too much fuel to accomplish a certain 
amount of work. Boiler dampers are 
sometimes made automatic so that the 
draft and tbe consequent consumption 



of fuel Is regulated 1>y the 



of 



enables the burner t< 



of dampers 



^ , of the kiln easier 

than If dampers are not uaed, and 
thus he can get more uniform burns 
quicker and with less fuel. Thla la 
eapeclally true of the bottoms of down- 
draft kilns. For any aalt glazing such 
aa aewer pipe or for getting reducing 
conditions Such as are uaed to obtain 
tbe dark colors and flashed effects of 
present day face brick dampers are a 
necessity, or at least some method of 
checking the draft aufflclently. Klin 
dampers are discussed at length In 
the Items listed below; Kiln, down- 
draft, design and construction: Kiln, 
Intermittent, round, down-draft: Draft 
gage and meter. 

MANUFACTURERS (see catalog sec- 
Hadfleld-Penfield Steel Co. 



International Clay Machinery Co. 
Toronto Foundry & Machine Co 
177— .OECAL CO MANIA. CHROMO, OR 
LITHO TRANSFER WORK.— These 

terms refer to a common method at 
decorating pottery, perhaps more gen- 
erally used than any other at this time. 
It resembles the printing process ex- 



naferred to the i 

IT as described und*r 



The design la 
Printing, potter 

178 — DECORATION, AIR-BRUIH^-A 

method of decoration used In the P<>t- 



Decoration 



CLAY PRODUCTS CYCLOPEDIA 



Decorative 



wonderful results have been obtained. 
<See also Air-brush.) 

170— DECORATION, OVBRGI<AZB.— 

After pottery ffoods have passed thru 
the biscuit fire, been flrl&*6d, passed 
thru the srlost nre, and removed from 
the safiTgrers, the pieces are agrain in- 
«pectea for flaws and anv small pro- 
jections of elOLze or adhering pieces of 
stilts are chipped ofC by means of 
steel tools: this makes the ware ready 
for overgrlaze decorations, numerous 
methods beinsr employed for this pur- 
pose (see Printing; Decalcomania, 
•chromo, or litho-transfer work; Gild- 
ing; Hand-Paintinff; etc., etc). 

Owing to the much lower temper- 
■atures at which they are fixed to the 
fflaied surface, the oversrlase pigments 
permit a wider range of colors than 
the underglaze decorations; as a rule, 
the former do not exceed 750 deg. C 
(1,382 deg. F.), while the latter may 
reach 1.300 deg. C. (2,872 deg. F.). 
Many metallic oxides and combina- 
tions may therefore be used which 
would be volatilized at greater heats. 
As a result, innumerable overglaze 
•colors have been produced which con- 
sist of a colorless flux and the pigment 
•composed of the desired combination 
of metallic oxides. The flux is pre- 
pared from lead oxide and flint, to 
which borax or boric acid may be 
added. The simplest combination con- 
'49ist8 of about 75 parts red lead and 
25 of silica. Generally, potters now 
purchase their overglaze colors ready 
Tor use. Overglaze oands are applied 
to the ware by means of brushes, the 
pieces being revolved on a decorating 
wheel. Gk>Id bands are also applied 
In this manner. After the overglaze 
'decoration has been applied, the ware 
Is ready for the third, or muflae, firing. 
No saggers are used for this low-fire 
burn, out the ware is placed on clay 
or iron supports within a fire clay, 
vault-like caamber heated on the out- 
49ide by the hot fire gases, the heat thus 
being transmitted to the ware almost 
entirely by radiation. The finishing 
temperature, not above 760 deg. C, 
(1,382 deg. F.) is determined by means 
of base-metal thermocouples, draw 
trials, or cones. (See also Olaze.) 

ISO^DBCORATION, POTTERY. — See 

the following speciflc items: Printing, 
pottery; Decalcomania, chromo, or 
litho transfer work; (Ground laying; 
-Ground laying, wet-process; Decora- 
tion, air-brush; Lining; Gilding; In- 
orustation, pottery; Hand painting; 
Stamping; Sponging; and Staining. 

MANUFACTURER OF EQUIPMENT 

(see catalog section): 
Mueller Machine Co., Inc. 

tSl— DECORATION, UNDBRGUkZB. 

— ^This process is used in the manu- 
facture of whiteware; as the term 
indicates the decoration is under the 
glaze and must be applied prior to 
glazing. On the commercial run of 
ware, underglaze decoration is applied 
by transferring designs printed on 
specially prepared thin paper with 
suitable mineral colors. These transfer 
decorations may be bought ready for 
use or printed in the pottery from 
engraved copperplates. The colors 
usually are bought in the prepared 
state ready to be mixed with the print- 
ing oil, tho some potters make their 
own. At times, only the outlines of 
the designs are printed, the design 

f»roper being fllled in with hand paint- 
ng. Bands and lines of various widths 
are made by means of brushes, the 
piece being revolved on a small paint- 
er's wheel, many of which are provided 
with a self-centering attachment. 

After the application of the design, 
the latter is allowed to "harden on,'* 
which consists principally in the vol- 
atilization of the printing oil. This 
may be done in the decorating kiln 
(see Kiln, decorative) by firing the 
pieces to a low red heat. In the case 
of vitreous ware the hardening on is 
• not necessary. 

After glazing, the ware is put on 
boards and allowed to dry. In English 
potteries the freshly dipped ware is 
placed on shelves of a mechanically 
operated chain conveyor heated by 
steam pipes (see Mangle, dipper's). 

182— DECORATION, UNDERGIiAZE i 
CHEMICAL COMPOSITION OF COLORS 
USED^ — The composition of underglaze 
colors varies widely, according ooth 
to the shades required and the tem- 
perature at which the glaze is fused. 
For the higher temperatures these 
colors correspond closely to the so- 
called spinel formula, composed of one 
molecular equivalent of the alumina 



with one of the coloring oxide (see 
••The Collected Works of H. A. Segdr," 
Vol. 11). Thus, an underglaze olue 
consists of 102 parts of alumina and 
75 of cobalt oxide. The mixtures are 
intimately ground together, calcined to 
a high temperature, and washed. By 
grinding with some glaze the under- 
glaze color is prepared ready for use. 
The compositions of some underglaze 
colors often used are given herein 
beloiv! 

Pink: Tin oxide, 50%: whiting. 25%; 
flint, 18%; potassium bichromate, S%; 
boraXa ^^Sit 

Yellow: Alumina, 8%; tin oxide, 16%: 
black oxide of antimony, 82%; red 
lead, 44%. 

Brown: Ferric oxide, 18%; chromium 
oxide, 17%; alumina, 11.6%; sine oxide, 
53.5%. 

Victoria green: Chromium oxide. 
50%; flux, 50%. This flux consists of 
30 parts of flint, 6 of potassium bi- 
chromate, 8 of white lead, 3 of whiting 
and 1 of potassium nitrate. 

Blue green: Chromium oxide, 20%; 
cobalt oxide, 5%; china clay, 27.5%; 
spar, 27.5%; zinc oxide, 20%. 

Blue: Cobalt oxide, 44.5%; alumina, 
65.5%. 

183 — ^DECORATIVE COLORING 
MATERIALS. — The preparation of 
these materials is now done almost ex- 
clusively in large plants devoted espe- 
cially to it. The special methods of 
manufacture required, combined with 
the special knowledge and skillful 
supervision involved in producing pure 
colors, has made it more economical to 
deal with a larger quantity of raw 
materials than is used even in the 
largest pottery. To secure a uniform 
color in clay ware decoration, all col- 
oring materials should be flnely pow- 
dered and well mixed; this grinding is 
done either by mortars for very small 
quantities or by the processes used for 
powdering glazes (see Qlaze-grinding 
machines). 

Colors Derived from Metals. 

The following list includes only 
those mineral coloring agencies which 
are flxed or developed by heat; each 
paragraph contains the range of colors 
which may be produced by the speciflc 
metal. 

Iron. 

In relative low temperatures (1,000 
deg. C.) and in a slightly oxidizing 
atmosphere, iron oxide gives a brown 
or red color, which, if monoxide Is 
present, may become violet or ap- 
proach black. It is then suspended in 
the vitreous mass, with which it does 
not readily mix. At higher tempera- 
tures it may enter into combination 
with the mass and produce unstable 
colors — ^such as a bluish-green in 
alkaline glazes, a brownish-yellow in 
boracic glazes, and a yellow in plumbi- 
ferous glazes. At very high tempera- 
tures, ferrous oxide forms silicates 
which are scarcely colored if only a 
small amount of ferrous oxide is pres- 
ent, and of a reddish or reddish-brown 
color if much of it is present. When 
mixed with certain other oxides, very 
stable colorings are produced. 

Iron oxide in a pure state is obtained 
by heating sulphate of iron: it then 
forms a red powder or colcothar, the 
shade of which depends on the rapid- 
ity or heating and the temperature. It 
may also be obtained by precipitating 
iron salts by ammonia or by alkalies; 
In this the shade depends upon the 
salts employed. 

Copper Oxides. 

These are used only in glazes which 
can be vi trifled at a moderate tempera- 
ture. At high temperatures they are 
inclined to be absorbed by the glaze, 
and even to penetrate the body itself. 
With an oxidizing atmosphere, copper 
in alkaline gives a beautiful azure 
blue, known as turquoise blue. It be- 
comes intense green in boracic or 
plumblferous glazes; but with a 
strongly reducing temperature it forms 
the monoxide, producing a beautiful 
purple-red in alkaline glazes, verging 
to orange or brown in others. Mixed 
with other colors, copper oxide makes 
greens. Copper oxide is particularly 
used in the form of cupric oxide, a 
dense black powder obtained by heat- 
ing nitrate of copper, altho copper car- 
bonates are also used. 

Chromliun Oxides. 

Used only for coloring white bodies, 
as the presence of iron in other bodies 

tt 



darkens and dirties the colors. Chromic 
oxide is generally used in glazes. The 
atmosphere of the kilns is a decisive 
influence on the color; when the at- 
mosphere is oxidizing, chromic acid is 
formed; when the atmosphere is reduc- 
ing, chromic oxide is formed; tho the 
above action is less marked than with 
iron or copper, and with a suflicient 
amount of coloring material present, it 
results merely in a slight modiflca- 
tion of the shades. Chromium oxide 
in alkaline glazes gives a bluish-green 
or greenish-blue; but in other glazes 
it produces a beautiful green color 
which becomes yellowish with a small 
amount of oxide in an oxidizing atmos- 
phere. Chromic acid gives intense 
yellows in alkaline or purely plumblfer- 
ous glazes, yellowish-greens in boracic 
glazes, and in alkaline plumblferous 
glazes, at a low temperature, an 
orange-red color. By mixing stannic 
acid in a glaze containing lime and 
a small amount of chromic acid, a 
red color varying from rose to purple 
is obtained when the temperature is 
sufficiently high. The color, in the 
absence of chromic acid, can be ob- 
tained under the same conditions with 
other substances, but chromium is said 
to give the best results. 

Chromium compounds are also fre- 
quently used with other oxides to pro- 
duce greens with copper, blacks with 
iron oxide, etc. Chromium oxide is 
prepared by heating mercury chromate, 
or by heating potassium chromate 
with sulphur. Chromic acid is used 
in the form of bichromate of potash. 
The use of chromium in pottery began 
early in the 19th century; its presence 
may sometimes indicate the date of 
manufacture of the ware. 

Cobalt Oxide. 

Has a very powerful blue color, and 
may be used for coloring either body 
or glaze; it resists all temperatures. 
Added to a glaze, it produces an in- 
tense blue inclining to violet; light 
shades cannot easily be obtained pure. 
When mixed with zinc, it gives ultra- 
marine blue; with aluminum compounds 
it gives a beautiful sky-blue. It may 
also be mixed with other coloring 
oxides to secure various shades of blue. 

Cobalt oxide may be obtained from 
cobalt ores; or it is commercially avail- 
able in an almost pure state as 
cobaltous oxide (CoO), as a dark gray 
powder; but ordinarily cobalt oxide 
(CoaOa) is used which contains 85 to 
90% of oxide. For average clay 
bodies, economy recommends the use 
of rose-gray cobalt carbonate or the 
cobalt silicate called rose cobalt, which 
has about 40 to 50% of oxide. All 
these cobalt compounds contain some 
nickel oxide. 

Manganese Oxide. 

Also a powerful color; mixed with 
iron, it gives a dark brown or black, 
and resists any heat applied to the 
bodies. In glazes, it gives colors vary- 
ing from brown to violet, according 
to the amount of iron oxide present and 
the composition of the glaze. In al- 
kaline glazes it is usually violet; and 
generally brown in boracic ones. 
Plumblferous colors give intermediate 
colors; and when mixed with consider- 
able iron oxide, manganese compounds 
produce many browns, and also usu- 
ally are introduced into the composi- 
tion of most so-called blacks. 

Manganese oxide may be extracted 
in nearly a pure state from its ores 
in the forna of a black powder. For 
coloring clay bodies and producing 
brown glazes the ores themselves are 
used, after being properly sorted, 
washed and crushed. 

Nickel Oxide. 

Seldom used because it produces un- 
certain and spotted shades, which vary 
from yellowish-green in alkaline glazes, 
to dirty green in boracic ones, and 
brown-green in plumblferous ones. It 
is used in conjunction with iron com- 
pounds to produce shining browns, and 
also may enter into the composition 
of certain blacks. 

Nickel oxide is extracted from nickel 
ores, being a form of green or gray 
oxide in its free state. 

Uranlnm Oxide. 

Produces a yellow color with an 
oxidizing flre and green or black in 
a reducing atmosphere. Very costly 
and rarely used except in plumblferous 
glazes, to which it gives, under mod- 
erately oxidizing conditions, a very 
bright orange yellow. 
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Uranium oxide is derived from pitch- 
blende ore. 

Tltanlmn. 

Gives yellow tints in glazes, due 
partly to the iron always contained 
in a commercial titanic acid. 

Antimony Oxide. 

With lead. It forms a compound of a 
yellow color. In all other cases it is 
colorless but makes other colors 
opaque. Mixed with iron oxide, it gives 
a series of beautiful yellows. 

Antimony oxide is obtainable in the 
form of antimonic acid, as an anti- 
moniate of potash, and as antimoniate 
of lead (Naples yellow). 

Gold. 

Specially prepared, this metal may 
be used either as a dull gold, which 
may be made brilliant by burnishing, 
or used, directly, as brilliant gold. If 
introduced into glazes as a chloride, 
the color varies from rose to purple, 
resists high temperatures, but is ob- 
viously costly. By mixing chloride of 
gold with chloride of tin, a violet-pur- 
ple precipitate is obtained, which, in 
glazes, gives beautiful rose, purple, 
carmine, or violet colors; but when the 
temperature is raised above 1,100 deg. 
C. takes a bluish-violet tinge and 
often disappears. 

Sliver Chloride. 

Added to glazes, it gives them a yel- 
low color. It is occasionally used for 
silvering because of the low tempera- 
ture at which it fuses. It is also fre- 
quently added to Cassius purple. 

Platlnvm. 

May be used to cover the ware with 
a layer of dull platinum, made bril- 
liant by burnishing. Added, in the 
form of chloride, to glazes, it gives a 
gray color, which resists high tem- 
peratures. Very costly. 

Iridium. 

May be introduced into .glazes as an 
oxide, producing a color varying from 
gray to black. Rarely used because 
of its high price. 

(Editor's note: The foregoing data 
were derived from Alfred B. Searle's 
translated version of "A Treatise on 
Ceramic Industries," by E. Bourry, 
published by Scott, Greenwood & Son, 
London.) 

186— DBCORATIVB COIiORINOi 
METHODS USED. — Coloring materials 
may be applied to pottery by five 
separate methods: (1) They may be 
introduced into the body, which then 
becomes a colored body, and may, after 
burning, remain unglazed or be covered 
with a transparent glaze, as desired. 
(2) Colored bodies may be used to 
cover another body with slip, in which 
case they are termed colored slips, 
the ware thus ornamented remaining 
unglazed or being covered with trans- 
parent glaze, as desired. (3) The 
slipped body may be covered with a 
layer of coloring matter made adhesive 
by covering it with a transparent glaze 
(or underglaze coloring). (4) The 
color may be mixed with the glaze, 
thus making a colored glaze, either 
transparent or opaque. (B) The color 
may be mixed with a flux; that Is, 
made into a vitrifiable color and put 
on the surface of the glaze, in which 
case it is called overglaze coloring. 

Two or more of these methods may 
be employed simultaneously. The color 
itself is influenced by four distinct 
conditions: (1) By the kiln temper- 
ature. (2) By the kiln atmosphere— 
whether it is oxidizing, neutral, or 
reducing. (3) By certain colorless ma- 
terials in the clay bodies, glazes or 
flux. (4) By the reciprocal action that 
colors have on each other, the color- 
mixture not necessarily being a com- 
bination of the color of the ingredients; 
this is illustrated by the varlsTble colors 
produced by iron oxide in the body 
and the alkaline, boracic or plumbl- 
ferous nature of the glazes. 

Thus, in pottery manufacture, a nar- 
row classiflcation of colors is impos- 
sible, as they can not ordinarily be 
made lighter or darker simply by 
adding white or black to them; but 
each color must be considered inde- 
pendently in order to obtain the exact 
tone required. This is done by vary- 
ing the proportion of coloring matter 
to a definite quantity of body glaze 
or flux; or in some cases by varying 
the thickness of the colored layer. 

186 — ^DEGORATIVE MOLDING OF 
CliAY BODIES.— This class of molding 
has two objects: (1) to create a unique 



or ornamental object; (2) to decorate 
objects manufactured by industrial 
molding. 

The molding of an original decorative 

Elece of pottery must oe modeled by 
and. or done by forming it on a 
potter's wheel and flnishlng it by 
turning, the processes employed de- 
pending on the nature of the material 
and the design of the piece. 

Modelling by hand needs somewhat 
plastic clays, especially for terra cotta 
and stonewares, and usually for faience. 
Porcelain bodies are much less plastic 
and present such dlfllculties that ag- 
glutinants (such as size, dextrine, etc.) 
must often be added to them. 

It is frequently convenient, some- 
times necessary, to mold the parts in 
high relief individually, and to join 
them to the main object afterwards. 
This method makes possible the model- 
ling of extensively under-cut objects; 
also those with thin, delicate raised 
pieces. 

The amount of moisture the body 
contains is of prime importance; thus, 
during the period of modelling, the 
body is kept from drying by the ap- 
plication of wet cloths or sponges. 
This inconvenience can be avoiaed 
when the body can be allowed to 
harden and then carved. In lean 
bodies, carving largely replaced model- 
ling, since the pieces can only be formed 
more or less roughly in the first place. 
In this manner very thin parts in high 
relief may be attached, which woiild 
lose their shape if put on when the 
ware is still plastic. 

Objects having thick massive parts 
with other parts that are thin and 
delicate cannot readily be dried and 
fired, so that it becomes necessary to 
hollow out the more bulky parts in- 
side. In this case, after the modelling 
is done, the part to be hollowed out 
may be taken off in two or more pieces 
by a metal wire or with a thin blade. 
Each part is then hollowed out sepa- 
rately, the whole stuck together again, 
and the joints cleaned off. As all 
bodies shrink (about 10% in plastic 
bodies) during drying and firing, care 
is taken to increase the original di- 
mensions proportionately. Frequently, 
it is easier to mold certain ornaments 
or other parts that are highly raised 
separately, and later to join or stick 
them on the main body. This method 
is very convenient for molding little 
figures in high relief, also for wreaths 
and medallions used to ornament the 
ware. 

Decoration by hollow designs, fre- 
quently repeated, are sometimes made 
with stamps having the design cut in 
relief. In this case, a slab of paste is 
prepared, the design is formed by the 
stamp, trimmed, and pressed against 
the body when It is slightly firm. 
When the decoration is to form a band 
in which the design is constantly re- 
peated, the stamp is replaced by a 
revolving wheel. These two processes 
are called stamping and beading. 
Engine-turning (or dicing) may also 
be used. Large plaques may be dec- 
orated by a design repeated indefinitely, 
by passing them under an engraved 
cylinder. 

When the body is nearly dry, the 
surface may be polished and its hard- 
ness increased by rubbing it with a 
horn. 

Sometimes the glaze forms a part 
of the molding of the body; this 
makes possible the formation of plaited 
objects which would easily break if 
fired direct; the dipping glaze before 
firing makes them strong and fastens 
the pieces together. Small hollows 
may likewise be made in the body and 
later filled with glaze, thus creating a 
special style of decoration. 

187 — DEFORMATION EUTBOTIC.^ — 

That proportion of the ingredients of 
a mixture, which will cause the mix- 
ture to change from the crystalline to 
the amorphous state at the lowest 
temperature. This is largely used in 
porcelain manufacture. 

DEHYDRATION, see Burning, de- 
hydration period of. 

188 — ^DENSITY. — A term used to de- 
note the relationship between the vol- 
ume of a given mass and its weight, 
or between the weights of equal vol- 
umes of different substances. It is 
also used somewhat loosely at times in 
the sense of being opposite to porosity. 
The density of a clay may be expressed 
in three forms, referring to clay (1) in 
its green state, (2) in its fired state, 
and (3) to the density of a clay slip. 
(See also Specific gravity, and Poro- 
sity.) 
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To find the apparent density, or spe- 
cific gravity including pores, of a 
lump of fired clay, or other material, 
not affected by water, the piece is 
weighed on a delicate balance In the 
ordinary manner, after which it is 
dipped in melted lard, paraflin or simi- 
lar material to cover up the pores; the 
coating of fat should be as thin as 
possible, so as not to affect the results. 
It is allowed to cool, and the piece 
is then hung from the arm of the bal- 
ance by means of a hair or fine piece of 
silk of negligible weight. It is re- 
weighed and then completely immersed 
in water contained in a small vessel. 
When the balance swings evenly the 
piece is weighed in this position; then 
ordinary weight in air. 

sp. gr. = 

loss of weight in water. 

If preferred, Method 1 (below) may 
used, when sp. gr. of whole piece= 

weight dry 

wt. soaked — wt. suspended in water. 

To find the true specific gravity of 
the substance itself (excluding poreB)» 
one of two methods may be used: 

1. Find the ordinary weight of the 
piece, then soak it in water for sev- 
eral hours (preferably under pressure) 
and find the weight of water absorbed 
(see Absorption,) in grams. This will 
give the approximate volume of the 
pores in cubic centimeters (the result 
will not be strictly accurate, as some 
pores may be so constituted that water 
will not enter them; and if these are 
to be Included the material must be 
ground to an impalpable powder be- 
fore its specific gravity is determined). 
Then weigh the piece suspended in 
water as above described and find the 
loss of weight. Then sp. gr. of solid = 

weight dry 

weight dry — weight suspended in water. 

In the case of unfired clay, water 
cannot be used for soaking the ma- 
terial; paraffin or xylyl should be sub- 
stituted, and the numbers obtained 
for the "liquid absorbed" and for the 
*'loBS of weight in liquid" divided by 
the specific gravity of the liquid it- 
self. Or the following method (2) for 
powders may be employed: 

2. To find the specific gravity of a 
powder, a bottle is weighed empty and 
dry, then it is exactly filled with water 
to a mark on the neck and weighed 
again; the increase in weight gives 
the weight of water held by the bottle. 
The bottle is again emptied and dried 
and nearly filled up with the powder 
and again weighed; the increase shows 
the weight of the powder used. The 
bottle is now filled up to the mark 
with water and weighed once more; 
the increase between this and the pre- 
vious weight shows the amount of 
water-filled space not occupied by the 
solid. Hence, sp. gr.= 

weight of solid 

weight of water to fill empty bottle- 
weight of water occupying space not 
filled by solid. 

To find the specific gravity of a 
liquid, whether a clear liquid or a slip, 
weigh a dry empty bottle or flask, fill 
It to a certain mark on the neck (or^ 
If a pycnometer Is used, fill it com- 
pletely) with water at a temperature 
of 60 deg. F. and weigh again. In- 
crease in weight = water held by bot- 
tle. Empty out the water and dry and 
refill the bottle with the liquid, or slip, 
and again weigh so as to find weight 
of liquid. Then — 

weight of liquid 

sp. gr.= 

weight of water. 
It is Important that liquids be as 
near 60 deg. F. as possible, as specific 
gravity diminishes with increased tem- 
perature. 

To find the density of a clay slip In 
ounces per pint, multiply the specific 
gravity by 20; thus, specific gravity 
1.30 = 26 ozs. per pint; and, conversely, 
the density in ounces per pint divided 
by 20 = specific gravity; I. e., a slip 
weighing 27 ozs. per pint has a specific 
gravity of 1.35. 

DEPARTMENTAL CALLING SYS- 
TEM, see Signalling system or calling 
device, interdepartmental. 

189^— DEPRECIATION. — Depreciation 
is that phase of accounting which aims 
at arriving at the loss of value of ma- 
chinery, land, buildings, or equipment, 
diie to wear and tear of use. Depre- 
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elation In the value of clay land can 
easily be figrured rather closely by 
determininer the amount used, but the 
depreciation In other equipment usually 
must be estimated, where proper re- 
pairs are made brick buildingrs usually 
are figrured as havinsr a depreciation 
of 6% annually. Machinery very sel- 
dom can be figrured at lower than 10%, 
and this figure is also the averasre for 
a well constructed periodic kiln. Con- 
tinuous kilns should be flgrured at a 
lower depreciation. Tools, wheelbar- 
rows, dryer cars, and similar equipment 
usually have a hlerh rate of deprecia- 
ti-on. At one time a uniform rate was 
used for every part of a plant but that 
has been shown to be erroneous and 
inaccurate. See also Obsolescence. In 
past years the failure on the part of 
clay products manufacturers to flgrure 
depreciation and obsolescence before 
arriving at the annual profits has 
caused many plants to snow largrer 
profits than were actually earned. 

DBRRICK, see Crane. 

DEVONIAN, see Geolofirical ages. 

DIATOMACBOUS BARTH, see Kiesel- 
sruhr. 

191— DIB. BRICK. — Almost all auger 
brick machine dies are lubricated, as 
few clays will run out of a die with- 
out pulling back on corners and conse- 
quently weakening the brick, if not 
lubricated. There are quite a few 
types of dies all of which have advan- 
tages and are suited to one type of 
clay or another. The lubricating me- 
dium is oil, water or steam. In some 
cases the dies are made of plain 
cast metal and in other cases there 
is a lining of sheet iron or other 
material on the inside of the main 
casting in order to facilitate the 
equal distribution of the lubricating 
medium. See also Die, factors of op- 
eration. 

MANUFACTURERS (see catalog sec- 
tion): 
Bonnot Co. 
Freese, E. M. & Co. 
Hadfleld-Penfleld Steel Co. 
International Clay Machinery Co. 
Steele, J. C. & Sons. 
Toronto Foundry & Machine Co. 

MANUFACTURERS' ANNOUNCE- 
MENTS : 

Freese & Co., E. M., Gallon. Ohio. 
Adjustable brick die — a stiff mud 
brick machine die so constructed 
that the size of clay column can 
be adjusted to give the desired 
cubical contents to the brick. 

193— DIB, DRAIN TIIiB. — In making 
drain tile only one core Is needed. In 
the old type of machine the oore 
turned as the column of clay came out 
of the machine. This has now been 
obviated, by making the auger shaft 
hollow, fastening the core to a long 
rod which fits thru this shaft and then 
using a pin to prevent the core from 
turning. As a result, automatic cut- 
ters can now be used. In making drain 
tile on a steam press the core must 
be fastened to a bridge. A bridge is 
also used on an auger machine in some 
cases. Practically all drain tile dies 
are made non-lubricating. See also 
Die, factors of operation. 

MANUFACTURERS (see catalog sec- 
tion): 
Freese. E. M. & Co. 
Hadfleld-Penfleld Steel Co. 
International Clay Machinery Co. 
Steele, J. C. & Sons. 
Stevenson Co. 
Toronto Foundry & Machine Co. 

19SA— DIB, FACTORS OF OPBRA- 
TION. — All hollow ware was formerly 
made on sewer pipe presses, which 
gave a perfectly equal flow of clay over 
the entire surface of the die. and made 
them ideal hollow ware machines in 
this respect. Their operation depend- 
ed upon the action of a plunger, how- 
ever, and their drawback was inter- 
mittent delivery. With the increased 
demand for larger capacities and con- 
tinuous output, the auger machine was 
resorted to. The fact was soon dis- 
closed that the webs of tile made on 
the sewer pipe press were of sufficient 
density for all practical purposes; 
therefore, previous compression in a 
tapered machine barrel was unneces- 
sary. It was also observed that in 
attempting to force the compressed 
clay thru the limited openings of a 
tile die, the dies and machines were 
frequently smashed, an excessive 



amount of horsepower was consumed, 
and. most annoying of all, the clay 
often backed out thru the hopper in 
preference to going thru the die. 

These observations led to the devel- 
opment of the modern auger hollow 
ware machine. This machine has a 
straight barrel, generally a continuous 
screw auger, the pitch of which is con- 
stant or increases toward the front, 
and a force-feed attachment. Some- 
times instead of a force-feed a pug- 
mlll is attached, serving the same pur- 
pose. This machine does not com- 
press the clay in any way except in 
front of the auger, the latter merely 
solidifying It and expressing it to the 
die opening, giving at the same time 
the greatest speed with the least pos- 
sible consumption of power. 

The difference between the brick 
machine and the tile machine are often 
great enough to make the difference 
between success and failure. While it 
is true that considerable hollow ware 
is made on brick machines, yet the 
troubles encountered in the operation 
are multiplied many times even when 
the best equipment is used, and, of 
still greater importance, the user is 
losing the beneflt of the best findings 
of expert investigators who are striv- 
ing to eliminate the troubles of this 
branch of the Industry; for it is ob- 
viously impossible to get these men 
to experiment with machines which 
experience has proven to be unsulted 
for the work. 

<<Oiit«lde'* Die Troubles. 

So many items, aside from die con- 
struction and adjustment, enter into 
this problem, that some experts regard 
the die almost a secondary considera- 
tion. Some clay operators have spent 
months and wasted many thousands of 
dollars in experimenting with dies, 
only to discover that their troubles 
came from other sources, which were 
overlooked because they had not been 
understood. 

Again, merely adjusting a die to pro- 
duce ware that dries and burns safely 
is not enough; tonnage, or production, 
is the crying need, and it Is therefore 
necessary to build and adjust the dies 
so that the greatest possible column 
speed may be obtained. Many dies 
which give satisfaction at low speed 
are worthless when an attempt Is made 
to get tonnage. 

There is one Item that demands the 
most careful attention of the clay- 
worker; that is. to see that the auger 
or main shaft is absolutely central in 
the barrel of the hollow ware ma- 
chine. No one can estimate the amount 
of die trouble that has been caused, 
and the money lost, thru time con- 
sumed in removing and putting on dies, 
and thru cracked ware, simply because 
this shaft was not properly located. 
The experienced tile worker has 
learned to look for such defects, even 
in a new machine. 

Frequently, the auger shaft on a 
used machine will be slightly sprung, 
and this is even worse than having it 
out of center. It Is practically Impos- 
sible to make ware successfully on a 
machine in this condition, as the auger 
changes the line of pressure on each 
revolution. In the case of the shli.ft 
which is not central, the pressure Is 
always released at the point where the 
circumference of the auger is farthest 
from the sides of the barrel. 

Effect of Speed. 

The speed of the machine is an im- 
portant factor, since a die may be 
built that will successfully produce 
ware at the rate of 10 ft. per minute, 
but if the machine is speeded up to 
produce 15 ft. per minute, the result- 
ant ware Is a dead loss. 

When a machine Is driven too fast 
for a die, the latter Invariably develops 
fast and slow areas. Sections of the 
die which ofter least resistance to the 
clay flow, either thru webs or walls 
or the location of the bridges, will 
be fast in proportion to the other sec- 
tions. In cases which are not bad, the 
ware may appear good enough to go 
into the dryer, but It will come out 
cracked. In extreme cases the column 
will tear up as it leaves the die (the 
remedy for this being given in a later 
paragraph). 

In determining the speed at which a 
machine should be driven, the raw 
material enters very little into the con- 
sideration. Of course, the variation in 



clays and shales is sufficient to have 
some eftect, but this is not the decisive 
factor. When a machine is to be driven 
at constant speed, the most important 
point is the relation between the sise 
of the largest die-— or rather the larg- 
est tile which will be made — and the 
capacity of the barrel of the machine. 

When the auger is driven too fast 
on a large tile, there is not sufficient 
compression in front of it to give equal 
pressure over the whole die. This is 
due to the large amount of openings 
in the die, permitting the clay to get 
away comparatively too fast. Prac- 
tically nothing can be done to this die 
to eliminate this trouble; but with a 
slower speed the clay gets a chance to 
gather between the auger and the die 
— forming a sort of reservoir — ^and it 
is then compressed and flows out 
evenly thru the die openings. 

When a machine which can only be 
run at one speed is used to make a 
variety of sizes It is necessary to de- 
termine the speed according to the 
size of the largest tile. Some modern 
plants have separate units for large 
and small sizes, thus getting away 
from the difficulty, but this is not the 
general rule. 

It is obviously impossible to give 
the best auger speeds, but those most 
widely used range from 20 to 25 r. p. m., 
and in rare cases up to 50 r. p. m., 
altho the latter practice is condemned 
by the majority of hollow ware manu- 
facturers. The machine or auger speed 
is another source of trouble with the 
converted brick machine, since brick 
machines are nearly always run at 
higher speeds than tile machines, and 
unless the speed is lowered for hollow 
ware, trouble is almost certain to 
ensue. 

Points OB Taper of Die. 

The taper or angle of the openings 
of a die presents a most interesting 
problem in die construction and adjust- 
ment; in fact, the speed of the column 
issuing from any die Is regulated by 
this taper or angle. When the tapered 
die was flrst introduced, the idea of the 
taper was to give a slight compression 
to the clay before it issued from the 
die plate. Each manufacturer had his 
own ideas as to the amount of taper 
a die should have, depending somewhat 
upon the clay or shale to be worked. 
Experience has proven, however, that 
no set of rules or laws applies to this 
condition, and that each individual 
shale or clay requires a separate treat- 
ment; that is, each clay or shale mix- 
ture will develop its greatest column 
speed when run thru a die with a cer- 
tain taper. 

In some cases this taper is so slight 
as to be almost negligible; in others, 
it is considerable. In order to find 
the proper taper for any material it 
Is necessary to make a die of some soft 
material, preferably wood. It should 
be made with perfectly straight open- 
ings and the cores should be of the 
same material. When put on the ma- 
chine the column speed should be 
noted constantly. As the clay wears 
away the material of which the die 
is made, the bar will speed up until a 
certain point is reached — the peak — 
after which the speed will drop con- 
stantly. 

As soon as the column reaches the 
greatest speed, the angle of wear 
should be noted. Two or three trials 
may be necessary to determine this 
point, but once it is obtained it may 
be worth thousands- of dollars a year 
to a manufacturer. It is important 
to note that as the taper is increased 
beyond a certain point the column gets 
constantly slower. This is a vital con- 
sideration for a manufacturer who 
buys "stock" or ready-made dies. It 
should be remembered that no taper 
is better than too much. The increase 
in column speed from the no-taper to 
maximum-speed taper is often little or 
nothing; but beyond the maximum- 
speed taper the column invariably 
slows down. 

In order to take care of the wear 
on dies, some manufacturers build 
them with less taper than is required 
to produce maximum speed, and thus 
allow the dies to wear to the proper 
angle — passing which it Is rebuilt or 
rellned. 

To make a die exactly right origi- 
nally would mean that from the 
moment it went on the machine it 
would get slower. The slowing down 
is caused by the wedging effect which 
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is produced in passlnir the clay thru 
an opening which is wider at the point 
of entrance than at the point of exit. 
The mixture of day* g^rains and water 
can be compressed up to a certain 
point; beyond that point no more com- 
pression is possible and the clay 
wederes as it attempts to pass thru. 

liOBS-Month Dies. 

The sprinsrinff of the cores out of 
position is a difficulty commonly met 
with in taper-die operation, especially 
in the case of dies with considerable 
taper. The grreat lengrth of the cores 
and posts and the excessive compres- 
sion within the die itself combine to 
cause this trouble. Sometimes "spread- 
ers" — small screws or pins — are used 
to overcome this difficulty, but these 
must not be placed too close to the 
front of the die or they will develop 
cracks in the ware. When cores are 
forced even a sixteenth of an inch out 
of place, the loss of ware in the dryer 
may be grreat. 

Whenever possible, it is advisable to 
avoid the lonsr-mouth die, as the short 
die is less liable to cause trouble, is 
lighter to handle, and consumes far 
less power. 

The tile maker should persist in try- 
ing: to Improve upon the type of die he 
is using until the correct model has 
been found. Lack of initiative in this 
direction is responsible for much of 
the tile makers' troubles. 

Effect of Raw Materials. 

The clay or shale which is used nat- 
urally has considerable bearing: on the 
type of die to be employed, as well as 
on its construction and methods of 
adjustment. Some materials slip thru 
a die like so much grease; others offer 
a very strong resistance. Some ma- 
terials can be run thru a die in a very 
soft condition, while others have to be 
very stiff. It is these conditions that 
make possible a wide variation in die 
construction. 

Where an easy running clay Is used, 
the dies can be built very light, the 
bridge and posts being reduced to a 
minimum. But where a hard running 
clay is used, or where it is necessary 
to run it very stlft, the bridges must be 
heavy and strong. Xiight die construc- 
tion usually produces fast dies, while 
heavy construction tends to produce 
slow ones. As a general rule, a die 
with considerable metal behind it will 
likely require more adjusting than one 
with less. This is true because each 
ounce of metal added to the back of a 
die offers resistance to the clay flow — 
in fewer words, acts as a baffie. For 
this reason, the raw materials avail- 
able should be studied closely, so that 
the lightest possible construction may 
be used in the die and behind it. 

It is acknowledged that weathered 
materials slip thru a die easier than 
unweathered materials. Most clay and 
shale banks have a covering of weath- 
ered materials. Consequently, if the 
maximum percentage of weathered 
material available is mixed with every 
load that goes to the pans, the best 
results are generally obtained. When 
enough of this material is not avail- 
able, a portion of the unweathered 
material should be weathered whenever 
possible. Many clayworkers would be 
surprised at the good results obtained 
from the use of even slightly weath- 
ered material, in the way of increased 
speed, reduced-power consumption, and 
of less die wear, as compared with re- 
sults obtained with unweathered ma- 
terial. 

Fineness of grain (or flne grrinding) 
has more effect on tile dies than most 
clayworkers realize. Coarse materials 
invariably slow up a die. and, in gen- 
eral, make the column "dragr^' at the 
corners. In some recorded instances, 
new screen plates In the pans, and new 
screens ahead of the pug-mill, have 
speeded up a whole set of dies from 
8 to 10 ft. per minute, and at the same 
time eliminated the "drag" corners. 
Whenever a die slows down for no ap- 
parent reason, look at the plates in the 
pans and see whether the screen ten- 
der is attending to his business. 

In addition, the drying qualities of 
the raw material have a considerable 
bearing upon the die and its proper 
adjustment. Some clays go thru a 
dryer without loss, even when run on 
a decidedly unbalanced die, while 
others require perfectly adjusted dies. 
Cases are known where it seemed 
practically impossible to run ware on 
certain dies without excessive, or even 



prohibitive, dryer loss, and where it 
was found that various substances 
could be added to the clay that would 
make it work with the same dies, and 
without a marked dryer loss. 

The most common of these sub- 
stances is grog, — pulverized burned 
ware, — ground in the pans with the 
clay or shale. Other substances suc- 
cessfully used are tannic acid in 
crystalline form, common salt, raw 
limestone, and slaked lime. Sometimes 
less than 1% of these substances will 
overcome very bad cases. The raw 
limestone and salt have proved espe- 
cially successful. 

Even with clays that dry easily and 
with dies that are perfectly balanced,* 
heavy losses may occur If the ware is 
"rushed" thru the dryers. Some ma- 
terials will not stand a progressive 
tunnel dryer treatment, but, fortu- 
nately, there are many that do not 
require the slower hot floor or open 
room treatment. Experience, patience, 
and a great fund of common sense are 
the only true guides. A. F. Greaves- 
Walker, in his "Clay Plant Construc- 
tion and Operation" (pub. by Brick and 
Clay Record: see pp. 25-26), states 
that, in his opinion, any material from 
which other structural products are 
made can be successfully used in the 
manufacture of hollow ware, and gives 
a few examples of what can be done 
with so-called "impossible" materials; 
but, he continues, it pays to accumu- 
late all available information, first, 
and then proceed slowly and carefully 
In evolving a die that is suitable for 
the materials to be worked. Radical 
changes nearly always mean starting 
all over again. 

Factors Important to Dies. 

Probably less is known about scien- 
tific auger construction than about any 
other subject connected with the hol- 
low ware or brick Industry. One 
thing, however, is conceded: the de- 
sign of an auger for hollow ware 
should be different from that of an 
auger used in the manufacture of 
brick. In the former, the diameter 
remains constant, with the pitch some- 
times constant, but generally increas- 
ing; in the latter, the diameter de- 
creases with the pitch constant, or in- 
creases only enough to maintain the 
area between the flights constant. 

All three types of augers, single-, 
double- and triple-wing are used. The 
single-wing is the fastest, but usually 
the die must be placed so far from 
the auger (In order to overcome the 
unequal flow and the lamination) that 
this advantage is lost. The single- 
wing auger also has a tendency to 
make dies flow fast in the center and 
to cause lamination. This may neces- 
sitate heavy baffling at that point, 
which reacts against speed. As a gen- 
eral rule, the inexperienced claywork- 
er will avoid single-wing augers be- 
cause (1) equal pressure over the die 
face is hardest to obtain with this 
type, and (2) warped ware — particu- 
larly with thin shapes — often results 
from its use. 

The double-wing auger is commonly 
used and gives good results. Theoret- 
ically, the triple-wing should be 
preferable and give a minimum amount 
of die trouble, since it provides more 
even pressure on the column. Three 
wings, however, displace considerable 
clay In the machine barrel, which may 
be a serious matter where large tile 
are to be made, v Also, more friction Is 
set up In the barrel, and, where hard- 
running clays are encountered, this 
may seriously interfere with column 
speed. 

In some cases, the auger is run thru 
the barrel as a continuous screw, 
either single part of the way and dou- 
ble the balance, or double all the way; 
in the case of a triple-wing it may 
begin as a single under the hopper, 
then change to a double, and Anally to 
a trlple-wIng at the tip. In other 
cases, the screw is broken in the sec- 
tions back of the tip or ordinary 
knives are used, as in a brick machine. 
Materials vary so much that only by 
experimenting In each case can the 
best type be determined, as results 
vary greatly In every case. 

A common annoyance in tile manu- 
facture Is due to wear of the auger. 
A die may run perfectly and at a sat- 
isfactory speed with a new auger 
which has been run Just long enough 
to get a polish, but this same die may 
grow troublesome as quickly as the 



auger begins to wear at the circum- 
ference and a space is opened up be- 
tween it and the barrel. This space 
around the auger offers a point of re- 
lease and allows the clay to slip back; 
that is, it allows the pressure to be re- 
leased at the outside corners and walls 
of the die, while the center keeps up 
its speed. 

The result is an unbalanced die and 
the necessity for baffles in the center; 
but Just as soon as a new auger is put 
on, the center is slow and the baffle* 
must be removed or smaller ones sub- 
stituted. Taking care of auger wear 
is a serious problem. 

Alloy Steel Angers. 

Some authorities are advocating 
wide experimentation with augers of 
alloy steels, such as manganese,, 
chrome, nickel or vanadium, espe- 
cially among the larger manufacturers. 
Such dies, however, should be polished 
before being put on the machine. 
Otherwise, the loss in production 
makes their use almost prohibitive, as 
it is estimated that a certain die 
which will run 12,000 ft. of ware per 
day under good conditions, will, if put 
on the machine unpolished, run about 
6,000 ft. the first day, perhaps 7,000 
ft. the second, and about 10,000 the 
third, and on the fourth day will be 
up to capacity. The loss — say, 10,000 
ft. of ware — must be charged to "pol- 
ishing" the die. Reduced to dollars,, 
perhaps half this loss would install a 
portable grinding and buffing wheel 
with a flexible shaft, and for ^5 addi- 
tional for labor, every auger could be 
ground and buffed until it became mir- 
ror-smooth. 

The use of an auger with a lip is 
also recommended, since the Up adds 
life to the auger by keeping the edge 
from wearing away as rapidly as ia 
common. 

Worn barrel liners also have the 
same effect upon the die as a worn 
auger and tend seriously to decrease 
the life of the auger by allowing the 
clay to slip back around it. One-half 
inch is considered the maximum space 
that should be allowed around an 
auger, and this is often too much. 

Distance of Auger from Die. 

Hollow ware machines are supplied 
with extension rings to permit the die 
to be placed at its proper working dis- 
tance from the auger. Tile of no grreat 
variation in size can generally be run 
at the same distance, once the proper 
distance is determined; but where 
there is a great difference in size the 
distance will change with the ma- 
jority of raw materials, and cannot be 
specified under any circumstances, aa 
it is absolutely a matter of experiment. 
The type of machine, speed of machine^ 
raw material and dies are all deter- 
mining factors. For this reason a die 
which fails when placed five ins. from* 
the auger tip may run splendidly at 
ten ins. Each fractional increase in 
the distance of the auger increases the 
power consumption, however, and it ia 
thus necessary to keep the die as close 
as possible and still get good results. 

The warping or cracking, often 
caused by having the die too close to 
the auger. Is due to the weave given 
the column by the auger; when the 
die is very close, the weave may be 
noticed as the column runs out; at 
other times it does not show up until 
the ware is dry. 

Very important in some cases where 
large tile are made is the space be- 
tween the die and auger which acts aa 
a reservoir from which the clay is 
evenly forced thru the die by the 
"push" of the auger behind it. Unlesa 
this reservoir is large enough, or, 
rather, unless the bulk of clay between 
die and auger is great enough, the 
auger action or pressure is liable to be 
localized, the tendency being towards 
fast flow in the center and slower flow 
at the outside. Baffling the center of the 
die (which naturally will slow the 
column and cut capacity), or increas- 
ing the distance of die from auger 
without a reduction in speed, are the 
common remedies. 

Best practice also requires the bar- 
rel of the machine to be proportionate 
to the size of ware produced. For such 
tile as 4-in. by 12-in., 3-in. by 12-in. 
and 6-in. by 8-in. column, covering 
Denison tile, etc., the barrel should be 
16 to 17 ins. in diameter. For the 
larger tile, the barrel should be only 
slightly larger than is required for the 
largest size. 
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aive compreBBlon of the day and a re- 
duction of the possible column ipaed. 



-_ -._ . considered a necessity. The 
market offers a number of these, and 
moat of them have merit. Naturally, 
where a pug-mill Is combined nlth the 
machine It acta as a force-feed ap- 
paratua. Some raw materials require 
a mechanical force-feed to assist the 
auKer to keep up the required pres- 
sure behind the die, as no amount of 
punching by a "human farce-feed" will 
prevent the uneven preaaure from 
— • • t the dtyer. Even 



Metal on Back ot Dies. 

In the toreKOlnK paragraphs have 
been considered those (actora outside 
of the dies which have an effect on die 
construction and adjuatment, alnce It 
Is almost a hopeless proposition to 
consider the dies themselves unless 
some knowledg-e of these outside fac- 

In reference to the dies themselves 
an Important factor Is the distribution 
of metal at the back of the die, In the 
shape of brldffes, cores, bridge-posts, 
nuta, Btuda, eto. Obviously, even a 
Blngle thin bridge placed back ot the 
die opening will tend to Interfere with 
the equal flow of clay and also with 
the speed ot that flow. The object, 
therefore, ot the die builder should be 
to reduce this Interference to a mini- 
mum by making bridges, posts, cores, 
etc.. as light as the service required of 
them wilt stand, and also to distribute 
these metal parts over the back of the 
die as evenly as possible, thus "balanc- 
ing the Interference" and causing the 
clay to flow evenly. If this la not done 
and the brldgea (for example) are 
concentrated over any particular part 
of the die. the resulting Interference 
with clay flow at that point will pro- 
duce a slow area. This will probably 
have to be counterbalanced by baffles 
over the fast areas, with conaequent 
reduction In column speed. A close 
study of dies In action, together with 
a little experimenting, will enable the 
clay worker to overcome many die 
. — .-.-- uy g alight shifting of the 

. . ver poaalble, baffling a die with 
metal plates should be avoided; other 
methods usually entail more work to 
get a balanced die. but this ta offaet by 
Increased tonnage, and reduced power 
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i of these walls 



■ It 



s put on the ma- 
chine, the bridges, cores, etc., muat get 
a polish before anything definite can 
be told as to the final results It will 
give. In such cases It Is wise to use 
baffles where necesaary, alnce, after 



the balance of the die, as _ _ _ 

ing of a thin piece of steel can be fas- 
tened to the cores, thus making the 
webs slightly thinner. Sometimes 
' I/32-ln. will aufflce; and as It Is seldom 
that even one-elghth-ln. In web thick- 
ness will affect the safety or sale of a 
tile, this amount cannot ordinarily be 
objectionable. 

On the other hand, If the webs can- 
not be made thinner (because ot reduc- 
ing the safety factor), a thin cut In 
the sides of the cores next to the slow 
walls or webs, thus slightly Increasing 



-- .- , win 

. by speeding up 



_s easy and effective __ 

this point, and much better practice 
than baffling the entire die down to 
the speed of this slow portion. 

Sometimes a tits Is so shaped that 
one or mors of Its weba are much 
thicker than all the others; a die ot 
this shape obviously la difflcult to 
handle. A method of balancing, how- 
i_ i»i_ .._ . ijj^j been 

-, which It has 

eliminated the use ot baffles and in- 
■ L speed up to nv» ft. 



ScoTFTs and BcTBtekcrs. 

The type of scorer or scratcher used 
has a very considerable effect on the 
die. Whatever the design of the scor- 
ers, their shape has a tendency to drag 
at the walla of the tile. Invariably 
slowing them. As the grooving Is ab- 
solutely necessary, the speed ot the 
whole die must be made to conform to 
the grooved walls. The number of 
grooves makes a difference, however, 
and this may be taken advantage of 
In adjusting the die. For example. If 



e metal plate 
MiiiKy uv uBQu bu vJ'ovent local fast 
areas In the die. the plate being 
fastened to the die plate or bridge. 



Fig. 1. On Left, OrtglBal Shape of 

Jamb Tile Die Decidedly Cb- 

baUiiccd. Ob Right, New 

Shape at Jaaib Tllc Die 

PETfectlr BalBBced. 

according to the location ot the trou- 
ble. The method of adjustment is 
simple, but may lead to Increased pow- 
er consumption, slow running columns. 
smashed bridges, or even smashed 
dies. Sometimes a die Is so construct- 
ed that a thin core is BO exposed to 
the clay pressure that it ahffts, thus 
unbalancing the die: In this event, a 
small baffle may be placed on top ot 
the bridge In eucb a poaltlon that 
some ot the pressure Is taken oft the 
exposed side of the core, allowing It 
to retain Its normal position. Care 
should be taken to make a baffle as 
small as possible and still get desired 

Bridge Cracks, 

When a bridge crack occurs, this 
clearly shows that the clay has not had 
aufflclent opportunity to hnit from the 
time It passed the bridge until it 
Issues from the die; or, putting It the 
other way, the bridge Is too close to 
the point of issue. To overcome the 
difficulty. It may be necessary to set 
the bridge back from one-half in. to 
four Ins. 



the proper 



1 be determined 



bridges back a little 

the trouble when the proper distance 
has been reached. As a general rule, 
once the proper distance Is found, all 
bridges can safely be placed at that 
distance, but occasionally some one die 
win require a special " " ' 



clay In knitting. 



1 ot these 



Bslat the 



around the troublesome bridge, 
latter case. It la beat to move cue 
bridge back slightly, as the chain baa 
astantly replaced. The temper 



clay Is not ao treated. 
Die Wear. 

Just when _ -, 

ready for the scrapheap or the machine 



, - =- produced al 

same time: and the manufacturer 
only to Bit down and llgure the 



market, which, with occasional minor 
repairs, will last for mafiy years, all 
wearing surface except the bridges 
being lined with the same material. 
In other types, the dies and cores ar« 
lined In the same way with mild steel 
or cast-iron, aenerally, the design ot 
most dies can be modified to permit 
lining and reltntng, and thus out out • 
source of loss. Ordinary cast-iron 
wearing parts should be generally 
avoided: better materials, wnlch can 
be easily machined, are available In 
all up-to-date foundries, and oa«e- 
hardenlng of most of the wearing 
parts Is not a difflcult matter. The 
first cost of a die may be Increaaed 
perhaps one-third by following these 
suggest Ions, but the expenditure will 
pay dividends In the long run. 
Tool Steel Dies. 

Altho It has been claimed that tool 
steel slows up' a die, this objection Is 
not generally conceded by die experts, 
who Bugeest that further experimenta- 
tion wllf prove tbelr claims tor this 
material. (See also Auger, brick and 
hollow ware. Auger roaonines.) 

MANUFACTURERS (see catalog sec- 

Freese. E, M. & Co. 
Haddeld-PenHeld Steel Co. 
International Clay Machinery Co. 
IBS— DIB, HOLLOfT TT ABB.— For 
all practical purposes hollow wars 



types wl 
ed const 

die fren . . _ 

trouble In securing proper adjustment. 

In the flat type the openings are 
almost always straight; that Fs, the 
sides ot the die plate are parallel thru 
the entire thickness of the die. In the 
tapered type the die tapers on all 
sidee down to the face plate: the Bides 

Jt the die being " "'^ 

jf the core only 
the face plate. 

Hollow ware dies ars made from a 
number ot grades of metal, ranging 
from cast-iron to tool steel. 
Hollow Tile and CoBdnlt Dlea. 

These are operated In conjunction 
with auger machines, being generally 
fastened to a bridge or set of bridges 
placed Inside of the machine, a certain 
distance, so that the cores win be 
dush with the outside face of the die. 
The construction of bridges, cores and 
die must be planned with great ac- 
curacy, since small variation from cor- 
rect practice will result In consider- 
able trouble and consequent loss of 
production. See also Die, faotors ot 

MANUFACTURERS <see catalog sec- 
tion): 

Freese, E. M. & Co. 
Hadfleld-Penfleld Steel Co. 
International Clay Machinery Co. 
Steele. J. C. & Sons. 
Stevenson Co. 

Toronto Foundry & Machine Co. 

IMS— DIB, HACHINB, BOI/T. — Thl* 

type of die Is similar to a pipe thread- 



ilt down 1 .,„ — 

J cost ot these In comparison 

with the price of a new die to realize 
the advantages to be gained by dis- 
carding the slowed-up die. It Is un- 
doubtedly good practice to withdraw 
..... . ^j^.^ ^ad^lt is V- 

"h"ioh"i"""' 



')"A'''h»i'LS^\Craotlce 
i.h h«- ""CO b(,^^ turo 
""tuber of ' 



ing die. The 



ody c 






which Is held a die 
equipped with hard steel threads. This 
die Is changeable, one being employed 
for each slie ot thread. The threads 
In the die are arranged so that when 
the die Is revolved by the two bars or 
handles that are attached to the oen- 
tstlng for that purpoae, they out 



ter caatlng and bars. Is called will take 
care ot either a machine bolt die or a 
pipe die. At times a bolt die is Placed 



1 the thread c 



slightly dampened. 
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Dredge 



desired article. The die is placed in a 
screw press or hydraulic press, and 
the dampened dust is put into the die 
and squeezed under srreat pressure. In 
many cases, the dies are extremely 
complicated. The dust usually con- 
tains about 8 to 10% of water. The 
method of making from dust is used 
for such articles as tiles and small 
pieces, complicated in shape, as for 
electrical purposes. The articles are 
fragile, the corners and edRes easily 
breakable. The principal faults are 
wind-blown ware and crackingr. 

For plastic di e- press! nsr, instead of 
the top plunder aescendinsr into the 
bottom die, the outer edgre of the top 
die descends over the outer edg:e of the 
bottom die. a cavity beingr allowed In- 
side which grives the required thick- 
ness and shape to the article. The 
bottom die is fitted with a loose bot- 
tom, which can be lifted by means of 
a lever; after the articl"^ is made, this 
lever is used to lift it from the die. 
The articles thus made are stiff and 
can be readily handled. In this case, 
the clay is first cut to rouffh shape in 
the plastic state and then allowed to 
dry to the required degree of hardness. 
In plastic pressing:, the die is kept well 
lubricated to prevent stickinsr, the oil 
used grenerally beingr a mixture of 
rape-seed oil and petroleum. The prin- 
cipal faults are cracking and warping. 

DIBSBIi Olli BNGINB» see Engine, 
internal combustion. 

19SB — DIE. SEWBR PIPE.— The dies 
used in sewer pipe manufacture are 
similar to drain tile dies, that is the 
die proper is circular and made to form 
the outside of the pipe. When each 
piece of pipe is started out of the die 
a casting for forming the socket is 
clamped onto the outside of the die 
by means of hooks. When the socket 
has been formed the casting for that 
purpose is unfastened from the die and 
the pressing of the pipe is then com- 
pleted. 

The core of a sewer pipe die consists 
of a large casting beveled on the in- 
side and fastened to a bridge in a solid. 
Immovable manner. The width ana 
bevel of sewer pipe dies are very im- 
portant, as the quality of the ware is 
dependent to a great extent on the 
proportionate construction of these 
parts. 

MANUFACTURERS (see catalog sec- 
tion): 
Stevenson Co. 
Toronto Foundry & Machine Co. 

196— DIGGING MACHIBTERY. — There 
are several types of machinery in use 
today, built especially for digging 
clay, in addition to the usual types of 
steam shovels and other machines that 
are suited to any kind of excavation. 
The main object in addition to econ- 
omy of operation is to intimately mix 
the entire deposit of clay uniformly. 
When the upper and lower strata dif- 
fer in essential qualities this is a big 
advantage. One form of machine 
consists of a wheel about 12 or 16 feet 
in diameter which revolves against the 
bank of clay, cutting thin slices by 
means of cutters which are mounted 
on the periphery of the wheel. This 
material is loaded into cars automatic- 
ally. Another type consists of a small 
machine like a steam shovel. The 
boom is raised and lowered and the 
bucket either pushed or pulled into 
the material to be loaded. These ma- 
chines are especially suited to plants 
using a small tonnage as the cost of 
operation is not as large as a regular 
steam shovel, in fact is in line with the 
tonnage of the output. The cost of 
digging and the uniformity of the clay 
or shale show a large benefit over the 

Srocess of hand digging. (See also 
hovel, electric, power and steam; 
Excavator, drag-line; Planer, shale; 
Ditching machine.) 

MANUFACTURERS (see catalog sec- 
tion): 
Eagle Iron Works. 
Steele, J. C. & Sons. 

197 — DINKY. — A term used to denote 
a locomotive used in pit or factory, 
and fully described under the several 
items given to locomotives. 

MANUFACTURERS (see catalog sec- 
tion): 

Hadfleld-Penfield Steel Co. 
International Clay Machinery Co. 

DIPPER'S MANGLE, see Mangle, 
dipper's. 

198 — DIPPER TEETH. — Dipper teeth 
are the projections which are fastened 
to a power shovel bucket and which 



do practically all of the digging. On 
account of the extremely hard service 
which they have to withstand, every 
possible method has been used to keep 
them in as good cutting condition as 
possible, and thereby avoid the lost 
time and expense of replacing or 
sharpening. The best practice is to 
have two sets of dipper teeth so that 
one set can be sharpened while the 
other is in use. The time of changing 
in that case Is limited to the time nec- 
essary to remove and put in the rivets 
which fasten the teeth to the bucket. 
The teeth should be sharpened by a 
man experienced in that work because 
if they are too hard they may break 
and if too soft they will wear out 
quicker than they should. Steel and 
manganese steel are the metals of 
whicn most teeth are made. Some 
teeth are made in two parts, the main 
piece staying on the bucket and the 
smaller piece, which includes the 
point, being fastened thereto. These 
are easier to change and easier to 
sharpen. In some cases these smaller 
removable pieces are made reversible, 
so that one sharpening will serve for 
two periods of work. (See also 
Shovel, electric power and steam.) 

MANUFACTURER (see catalog sec- 
tion): 
Hadfleld-Penfield Steel Co. 

199 — DIPPING.— A potter's trade term 
to indicate the immersion of clay ware, 
ordinarily in the biscuit state, in a 
vessel containing the slip in such a 
manner that the ware is completely 
and uniformly coated. The correct 
proportions of solid matter and water 
are of the utmost importance in this 
opeiation, and can be generally ob- 
tained only by making slips of varied 
strengths and sending the trial articles 
dipped in the slip thru the kilns. The 
strength of the slip is conveniently 
expressed in "ounces per pint," and 
when the correct weight has been as- 
certained for any particular slip it is 
henceforth simply a matter of main- 
taining it at that standard. The per- 
sonal equation is an Important factor, 
however, as different workmen require 
a slightly dlfTerent density of slip. 

DISC FEEDER, see Feeders and 
mixers, clay. 

290— DISINTEGRATOR. — Used for 
breaking up clay or shale. They con- 
sist of several drums, or knives on 
axles, revolving rapidly within a case 
and in opposite directions. As the 
lumps of clay are dropped into the 
machine they are thrown violently 
about between the drums and also 
strike against each other, thus pulver- 
izing the material completely and rap- 
idly. Their capacity Is large, but much 
power is also required to drive them. 
They will handle eithet wet or dry 
clay, and are usually mounted so that 
the cars or conveyor belt will feed 
directly into them. When possible the 
disintegrator is located so that the 
clay will drop into the pug-mill or the 
finishing machine, whichever is used. 
One type resembles a roll crusher ex- 
cept that only one roll is smooth, the 
other having knives, bars or corruga- 
tions by which to break up the clay. 
Another type resembles a pug-mill but 
the barrel Is wider at the top and the 
whole construction is planned to feed 
the clay thru without packing as it 
does in a pug-mill. 

The capacities of disintegrators vary 
from 60 to 400 tons of clay per day and 
require from 10 to 40 h. p. to operate. 
They are used to reduce clay to lumps 
no smaller than one-half in. in diam- 
eter. 

MANUFACTURERS (see catalog sec- 
tion) : 

Bonnot Co. 

Freese. E. M. & Co. 

Hadfleld-Penfield Steel Co. 

International Clay Machinery Co. 

Steele, J. C. & Sons. 

Wellington Machine Co. 

Williams Patent Crusher & Pulver- 
izer Co. 

aoi — DITCHING MACHINE. — Ditch- 
ing machines are constructed with an 
endless chain of cutting knives and 
buckets, or a large wheel with simi- 
lar attachments. They are very de- 
sirable for digging drains or ditches 
of any kind, and the size of width and 
depth of cut can be made comparative- 
ly large. Most of the work can be 
found around open pit work or for 
constructing farm drainage systems or 
sewers. 

38 



292— DOI/OMITB AND MAGNB8ITB. 

— Dolomite (CaMgCOa=CaO 30.4%, MgO 
21.7%, COi 47.8%) and magneslte 
(MgCOi=MgO 47.6%, COa 62.4%) are 
minerals resembling calcite. Both may 
occur in clay, and either is highly re- 
fractory, but when present with some 
other minerals exerts a fluxing action, 
tho not at a temperature as low as 
lime. 

The grains of dolomite in some resid- 
ual clays derived from dolomltic 
limestone may be clearly visible in 
those parts of the clay which have not 
been highly disintegrated. 

Dolomite and magneslte are used 
most profltably in basic Bessemer, 
open-hearth, and other furnaces for 
the manufacture of steel and other 
metals, where high temperatures are 
required in the presence of basic slags. 
They withstand these sla^s at high 
temperatures better than any other 
material. Dolomite is cheaper than 
magnesite but is much harder to make 
into brick. Either material Is used as 
calcined powder mixed with tar or 
other non-injurious binder, for a mor- 
tar to lay up magnesite brick or as a 
hearth or floor of the furnace for 
melting the metal. Magneslte is made 
into brick by several methods, but In 
general the brick consist of a mixture 
of dead-burned and caustic magnesite. 
The former is magnesite that has been 
burned to such a high heat, about 
1.850 deg. C. (3,362 deg. F.) that it 
will not slake in the atmosphere. The 
latter is magnesite that has been cal- 
cined to a temperature of about 800 
deg. C. (1.472 deg. F.). and which will 
slake the same as quicklime in the at- 
mosphere. The mixture is pressed in 
a dry press or other machine of equal 
pressure, and burned to a temperature 
of about 1,710 deg. C. (3.110 deg. F.). 
The bond is very weak so that the 
brick cannot be set more than two or 
three high. About half of the kiln, 
therefore, is taken up with silica brick 
which is set so as to form boxes and 
carry the weight of the magnesite. 
The magnesite brick are set into these 
boxes not more than two or three high. 

208 — DRAFT GAGE AND MBTBR« — 

Instruments for determining the 
amount of draft in a kiln or boiler. 
Draft is caused by the increased ve- 
locity or pressure of the flue gases 
over that of ordinary atmosphere. A 
draft gage works on this principle, as 
one end of a glass tube containing 
a liquid is open to the atmosphere and 
the other is connected by a rubber 
tube or a pipe to the stack or flue 
whose draft is to be ascertained. The 
passage of the flue ^ases creates a 
partial vacuum in the one end of the 
tube and the atmospheric pressure ex- 
erted on the other end causes a low- 
ering of the level of the liquid In the 
tube. A scale is provided, by which 
the height of the liquid indicates the 
amount of draft in the kiln or boiler. 
Economical fuel consumption requires 
a definite amount of air and this Is 
obtained only when the proper draft 
exists. A draft gage assists in de- 
termining whether or not the proper 
draft does exist, and therefore wheth- 
er or not full economy Is being ob- 
tained. (See also Anemometers; Air 
fiow meter; Pitot tube, and Mano- 
meter.) 

MANUFACTURER (see catalog sec- 
tion): 
Brown Instrument Co. 

DRAG SCRAPER, POWER, see Ex- 
cavator, drag-line. 

204 — DRAIN TIIiE. — ^This class cov- 
ers (1) tile, of horseshfoe-shaped cross 
section. (2) sole tile, cylindrical with 
a fiat base, and (3) pipe tile, with 
cylindrical cross section. For manu- 
facturing drain tile, the clay is thoroly 
tempered before molding, usually In 
a pug-mill; the molding is usually 
done in some form of stiff-mud ma- 
chine, the cylinder as it issues from 
the die being cut into the desired 
lengths; and the drying is commonly 
done on pallet-racks, such as are used 
for common brick, altho it may be 
done in tunnels. The burning, common- 
ly at a low temperature, is done in a 
variety of kilns, the tile at times be- 
ing burned with common brick. They 
are used for any drainage work, ana 
especially for drainage of farm land. 

Hot floors are also used extensively 
for drying drain tile. See also Dryer, 
floor. 

205— DREDGE. — A dredge is a ma- 
chine for digging a wide open ditch or 
trench. It is usually built very much 
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like a largre steam shovel and part or 
all is made to revolve so that the earth 
can be dumped on the side. 

DRESSING* BBIiT, see Belt dressingr. 

DRB88ING, IVIRS ROPB, see Wire 
rope compounds. 

208— DRILL. DIAMOND. — This is the 
most important tool used in testlnfir 
clay deposits that bores into the mate- 
rials by means of rotation. The work- 
ing: part of the drill is the crown, a 
short piece of tool made of cast-steel 
at one end of which is set a number 
of black diamonds which tit into small 
cavities made for that purpose. The 
crown is screwed onto wrought iron 
pipe that constitutes the boring: rod. 
This is made to rotate and, as a re- 
sult, a grroove is cut at the bottom of 
the hole leavingr a core which can be 
brouffht out with the rod. 

Strata of stone, coal and any changres 
in the clay or shale are shown exactly 
as they occur, and the cores, when pre- 
served, give an exact record of the 
various occurrences and enable the 
clayworker to prepare for contingren- 
cies long: before they have to be met. 
Diamond drillingrt as a rule, is done by 
companies orgranized for that purpose, 
since the operation requires the serv- 
ices of experienced or expert help. 

20»— DRILL, SLBCTRIC PORTABLB. 

— Many times driUingr work is neces- 
sary in the plant and it is imprac- 
tical and often impossible to remove 
it to the machine shop for the drill 
press. In these cases a portable elec- 
tric drill is indispensable. A regrular 
twist drill is used and it is driven by 
the shaft of t^e motor thru a flexible 
couplingr. An operator holds the drill 
. agrainst the work. For this reason the 
work is somewhat restricted and 
slower than on a drill press. A frame 
can be rigrgred up to replace the opera- 
tor In taLkingr the thrust of the drill, 
and when this is done its effectiveness 
is enlargred. This machine can also be 
used for boring: holes in wood. 

310— DRILL. HAND-AUGER. — The 

hand-augrer drill provides the simplest 
means for testing: the nature of a clay 
deposit. It consists merely of a car- 
penter's wood augrer of not too great a 
flitch, about 1-ft. long: and 1% and 1% 
ns. in diameter. To this is welded a 
H-in. steel rod about five ft. longr, the 
upper end of which is threaded with 
a pipe thread. A handle is provided 
to obtain an easy working: leveragre. 
A sufllcient number of sections of 
H-in. pipe are provided to lengrthen 
out the drill as it jroes down; the sec- 
tions are about four ft. long: each. 
Bach time the drill is run down a few 
inches it is pulled up, and the boringrs 
that come with it are examined and 
preserved for future tests. A simple 
'three-leg: set-up over the hole with a 
block and tackle at the top may be 
used to lift the aug:er out of the hole 
&fter it has been sunk to considerable 
depth. This augrer is used also in 
many cases for drilling: clay before 
blasting:, during: the reg:ular operation 
of a mine or pit. (See also, Blasting 
tools.) 

210A — DRILLING MACHINBRY. — 

In some cases shales, and Are clays, and 
many surface clays, must be loosened 
by explosives before they can be 
ivorked. Some use the old hand bar 
for drilling: the holes when the amount 
of work to be done or the extreme 
Inaccessibility of the clay makes a 
machine impracticable. In the major- 
ity of cases, however, especially in 
the larger plants, a drilling machine 
effects a ereat saving in labor. 

The drilling machinery mav be a 
reerular steam drill, one of the well 
drilling type, which is mounted on a 
vira8:on frame for easy portability, or it 
may be of the type of pneumatic ham- 
mers or a^ain may be a reciprocating 
bar driven by an electric motor. 

aiOB — DRILL PRBS8. — A drill press 
is a machine for drilling holes in metal. 
The metal is fastened to a bed which 
can be raised and lowered or turned 
sideways on an upright spindle. It 
can be locked in any position. The 
drill is mounted on an upright shaft 
which is revolving constantly, and is 
fed into the work either automatically 
or by means of a lever or wheel in 
the hand of the operator. The speed 
of the revolution of the drill and also 
its feed can be adjusted. Twist drills 
are almost universally used. This ma- 
chine can also be used to ream out 
holes that have been cored in a cast- 
ing, by substituting a reamer for the 
drill. It can also be used for coun- 
tersinking a hole. 



211— DRIVB. BBLT. — These are used 
to transmit power from one line shaft 
to another. The belt is pulled around 
by the rotation of the driving pulley 
and it in turn pulls around the driven 
pulley. The belts are made of several 
kinds of material. (See also Belting, 
fabric; Belting, leather; Belting, rub- 
ber and composition.) 

MANUFACTURERS (see catalog sec- 
tion): 
Caldwell Co., W. E. 
Freese, E. M. & Co. 
Oandy Belting Co. 
Goodyear Tire & Rubber Co. 
Link-Belt Company. 
U. S. Rubber Co. 
Weller Manufacturing Co. 

212 — DRIVB. ROPB. — A rope drive is 
the system or arrangement by which 
power is transferred from the engine, 
motor or other source of power to the 
line shaft, or machine that is to be 
driven, by means of rope. The "rope" 
is a wire cable, or manilla rope. The 
pulleys used on the line shaft, when a 
belt drive is used are replaced by a 
series of sheaves over which the end- 
less rope runs. The number of sheaves 
at one point for a rope drive depends 
entirely on the amount of power to be 
transferred, and is unlimited. No slip- 
page or lost motion, and less time re- 
quired to make repairs, are two of the 
most important arguments in favor of 
this system of drive. 

MANUFACTURERS (see catalog sec- 
tion): 
Caldwell Co., W. E. 
Link-Belt Company. 
Weller Manufacturing Co. 

21S — DRIVB. SILBNT-CHAIN. — The 

method of transmitting power by 
means of a silent-chain belt running 
over sprocket wheels made to fit the 
belt, see also Belts, silent-chain. 

MANUFACTURERS (see catalog sec- 
tion): 
International Clay Machinery Co. 
Link-Belt Company. 
Weller Manufacturing Co. 

MANUFACTURERS' ANNOUNCE- 
MENTS: 

Link-Belt Company, Philadelphia, 
Chicago, Indianapolis. Other of- 
fices in principal cities. Over 50 
clay plants have adopted Link- 
Belt Silent Chain as the standard 
drive to operate fans, line shafts, 
pans, pug-mills, washers, agita- 
tors, glaze mills, etc. It trans- 
mits the power of the motor 
without slip, and is 98.2% efll- 
cient on actual test. It is fiexibU 
oj a belt — positive as a gear — 
more efficient than either. The 
use of the Link-Belt silent chain 
drive simplifies the power trans- 
mission problem. Silent chain 
operates on short centers and 
can therefore be encased in an 
oil-retaining dust-proof casing, 
requiring a minimum of atten- 
tion for lubrication and care. 
The result is a smooth, quiet 
drive, having decided advantages 
over the older forms of power 
transmissions. Our experienced 
engineers can help you get bet- 
ter results from your power 
transmission equipment. Their 
advice is yours for the asking. 
Send for our specialist on clay 
working m9.chinery drives. Also 
send for a copy of our book 
No. 310. 

214 — DRUM. IVINDING. — A winding 
drum consists of a hollow wood or 
metal cylinder, mounted on a revolv- 
ing shaft, and deriving its power from 
a separate shaft, by the use of suitable 

fear reductions or friction rollers, 
he types and sizes of winding drums 
vary greatly. Ordinarily, the drum and 
accessory equipment are self-contained 
and mounted on a substantial cast-iron 
base. Two levers control the opera- 
tion. One is used to start or stop the 
drum at will; the other controls the 
friction band brakes which are used 
to regulate the speed of hoisting or 
lowering the load. In the clay prod- 
ucts field, winding drums are exten- 
sively employed, not only for all kinds 
of hoisting and elevating work, but 
for hauling, by the use of wire cable, 
the loaded dump cars from the clay 
pit to the machine. 

MANUFACTUREHs (see catalog sec- 
tion): ^ 
Bonnot Co. 



Freese, E. M. & Co. 

Green, L. P. 

Hadfield-Penfield Steel Co. 

International Clay Machinery Co. 

Steele, J. C. & Sons. 

Toronto Foundry & Machine Co. 

Weller Manufacturing Co. 

DRYBR CAR. see Car, dryer. 

21«— DRTBR CON8TR170TION.r— We 

have tried In preparing this chapter 
to avoid theoretical calculations which 
mean little, if anything, to the average 
clayworker. and to present Instead such 
helpful suggestions as will enable the 
dryer builder to avoid some of the 
after-annoyances to which so many 
dryers are heir. No clay plant owner, 
however, should attempt dryer con« 
struction without first having consult- 
ed with the manufacturers of the dif- 
ferent types of dryers, and also with an 
expert not prejudiced in favor of or 
against any particular type, or any 
particular dryer. In importance only 
one other part of a clay plant, namely, 
the kiln, requires the care and thought 
in its design that the dryer requires, 
since it is practically impossible to pick 
out, promiscuously, one of the many 
types of dryers available without in- 
viting future losses which at times be- 
come appalling. 

BTerjr Type DlflercBt. 

A certain type of dryer may work 
splendidly on stifl-mud brick made of 
easy drying clay, but will fail utterly 
on the same brick made of tender clay. 
Again, a dryer may work excellently on 
stlfl-mud brick, but will not dry suc- 
cessfully soft-mud brick made from the 
same material. One tunnel-type dryer 
may handle hollowware successfully on 
the continuous principle, while another 




Fig. No. 1. 



Car Suggested for Opei 
Air Dryer. 



tunnel dryer would have to be operated 
on the intermittent plan, in order to 
safely dry the same ware from the 
same day. Thus, many clayworkers 
are learning that, while they have for 
years been duplicating drying units, 
which appeared to them to be the best 
adapted to their particular case, they 
could have installed other systems 
which would have saved large amounts 
of money thru greater speed with 
smaller losses of ware. Most open-air 
dryers are to be found on plants using 
the soft-mud process which are oper- 
ated only during summer months, the 
drying being generally done in racks, 
the pallets being wheeled out on trucks 
and later again moved by trucks from 
the racks tq the kilns. The cost of dry- 
ing under these conditions is higher 
than in most artificial dryers, largely 
because of the several handlings neces- 
sary between the ware-producing ma- 
chine and kilns. On large plants, the 
drying racks cover a large area and 
the distances covered by the truckers 
is considerable. In some cases, the in- 
vestment in racks amounts to a large 
sum and their exposure to the ele- 
ments causes excessive depreciation. 



»» 




Dryw 



— Br« provMeil. of thn nanir- typ» Biirl 
(ftse AB used fn mrtlflolal dryen. EAoh 
car has a. removable sheat-metitl roof, 
whtcb can be tHted to protect ware 
from rain and lun (aee first lllustra' 
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I, the Bbetl of the bulldlnK !• pui 



„,. ...„ , .. r t heat loaa 

either directly or by radiation. Tet In 
iLbout SB per cent of dryer balldliiKB 
no real eSort Is made to prevent radla- 
altho at ordinary drying tem- 



ElBced on cars at the machine and not 
andlad asaln until It Is run Into the 
kiln. There IH IlkewlHe the advantage 
of havfns both care and ralla ready 
tor Immediate use, If an artificial dryer 
Is planned for the future. The upkeep 
of the ears Is appreciably leas than 
that of wooden racks, and the ay stem 
eiimlnateB a bad lire risk, which Is 
ordinarily non- Insurable. 
ArtUelal Drrera. 

The dllTerence In first coat favors the 
racks sllshtly, but not much. The 
method la very useful on hollowware 

Slanta making larse shapes which are 
Ifflcult to dry safely In an artificial 
dryer; it can thus be Used In summer 
months to make a atook of trouble- 
aome shapes which can be carried over 
thru the winter. If necessary, a 
low wooden framework can be built 
1 the outside of the two outer tracks. 



1 the 
be di 

a from 






the Inside tracks a 



I to ro- 



the g 



t cost, at tlie same time taklnfr Into 
consideration the safety of the ware. 
To obtain these results three Important 
factors muat be oonaldered: (1) the 
velocity of the Kasea thru the dryer, 
(I) relative humidity ot the Kaaea, 
(!) the temperatures of the graaes at 
the various points. The materiala most 
commonly used for dryer-bulldlng roofs 
are lumber, brick and cement; atranse- 
ly, hollow tile haa found favor with 
but few constructors. Primarily, of 



la an easy matter, and can be aco< 
pushed without extra cost. 
Brlek WbUs wKk Air Kw^e— 

Iiumber for dryer bulldlnss Is E 



frame buildings ot this t 



for dryer-wall 

cunsirucuon. provided the walls are 
built with an air apace. Usually It la 
best to build the walla 1^ bricks thick 
(aee second illustration). It will be 
noted that the air apaoe la broken up 
by header courses. Thla plan breaka 
up air currenta which otherwise would 
be set up and have free flow from 
bottom to top of walls. The coat of 
plaster on the Inside of the outalde 
walla haa been found to elve such 
Kood results that Its sanerar adoption 
fa only a matter of time. By actual 
test, a wall plastered on both sides 
will radiate 30 per cent leas heat, and 
a wait plastered on one side wilt radiate 
10 per cent less heat, than an unplas- 
tered wall. <Thla ahould be noted by 
clayworkers troubled with cold outside 
tunnels.) The plaster will adhere to 
the wall, If brick having a good suc- 
tion are used Inside and the mortar 
lolnts are raked out to allow the plastsr 
to key Into them. 



OoBcrcte Drjre' ^alls FalL 
Conorete dryer walls are a generally 
accepted (allure. They hold up the 
roof and prevent all heat from getting 
away, but they are themaslves poor 
Insulators. In comparing fuel con- 
sumption of outside tunnels of two 
radiation dryers, one having It-ln. walls 
of brick, the other, ll-ln. walls of con- 
crete, the fuel consumption of the oon- 
Crete dryer was !0 per cent higher than 
that of the brick dryer. Bolh dryers 
were Identical except tor material In 
the walls and both were drying the 
aame ware. Building thin concrete 
walls with an air space migrht over- 
come the dllBculty, but while these are 
possible, they are not practical, 
Ksllsw-TflB Ideal MaterUl. 
Hollow- tile Is Ideal material for dryer 
walls; It has the neoeasary strength, 
the cells provide necessary atr spaces, 
__> .,.. .,,_ .__ usually r "• •- 



plas 



the tile 

No. r 



tile 1 



_ for 



.._ excellent lob. A tile dryer- 

I should be 11 .Ins. thlok and should 



I best r 



WaterprooCng Dryer Walls. 

Where dryer walls (not footings) ex- 
tend below grade In order to protect 
flues, as in radiation dryers and some 
waste-heat and steam dryers, they must 
be waterproof. Due to rapid evapora- 
tion on Inside of such walla, the amount 
of moisture drawn thru them Is 
very great, and thla is uaually made 
worae by the fact that eavea-trougrhs 
are aeldom provided for dryer bulld- 
IngB. The effect of. moisture, com- 
bined with the radiation from outside 
walla, often decreases the efDcleney of 

The walls below grade should be 
plastered on outside with a mixture 
consisting of two parts sand and one 
of cement, which, after setting, ahould 
be given a good coat of tar. This 
waterprooflng below grade la aa Im- 
portant as Insulation above grade. 



I general waste-heat and radia- 
tion dryers are the types that sutler 
moat from lack o( drainage. Waate- 
heat flues and the under flues of the 



and after a wet spell. In some plants. 
a waste-heat flue Is deliberately used 
as a drain for the surface water of 
a yard; In other words, the clayworker 
actually puts moisture from outside 
sources Into a building which Is de- 
signed to extract and conduct away 
moisture from the ware put Into It, 

Waste-heat fines should be drained 
by running drains under them and by 



DiyflT 

draining sartaoe water away from 

The under-Bua system of a dryer, 
whatever the type, should be underlaid 
with a series of drains that will carry 
away every particle of moisture pos- 
sible. 

Unless the dryer la properlj drained. 
It Is ImposBlbls to get dry ware during 
a wet spell, regar^ess of how roucE 
fuel Is used In the auxiliary heater. 
Moisture Id the flue systsm Is the key 
to the dryer -fuel expense in spring, 
fall and winter. 
CeastrBcttea et Drysr Boaf. 
It Is folly to expect a reinforced con- 
crete or steel and brick roof from S 
to 4 ins. thick to prevent exceaalve 
radiation and keep out cdolsture. Any 
clayworker who haa p 
^'r 

."in the' .. 

well as In the tunnels simply 

'-"-- •■— ■ "-- dryer roof. 



Fig. So. S. Dryer Reof 1 



creaae the drying 
done in hollowwar 



nln solid 

otherwise, every effort 

ahould be made to construct a roof 
that will prevent practically all radla- 

In the third Illustration Is presented 
such a dryer-roof design. It eonslBta 
of two courses of four-celt. B-in. hollow 
tile with a layer of Inaulatlng felt 
between. The under side Is given ft 
coat of ?l-in. cement atuCCO, mixed 
■ — """■ '" B top Is coated wltb 



additional cost. While a roof of i 
partltiona or book tile is fairly good. 
It la too thin to be really efllolenc. 

The most modern method ot over- 
coming track difficulties In hot tunnel* 
Is to avoid wooden ties and use ateel 
rails for ties (see fourth Illustration). 



Dryer 
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Dryer 



them with < 



catch 1 UK Are. 

The rails In dryers are also often too 
HKht for the work; £0 to ZE-lb. ralla 
do much to eliminate trouble, as they 
do not klnk under the welBht they 
have to carry. 



tunnels, seldom requires claanlnK out 

more than once a year. (See FIk. No. G 

lor deslBn of t"-'- " " — ' 

The Queatlon of putting- 
tracks In I ■ ■ ■ • 

louhtedly annoyln? to 
have a loaded car Jump the track In a 
slnsle tunnel dryer, especially ivhere 
the cars flt fairly tlKht. Sometimes, 
the car will be In such a position that, 
due to limited working space, it takes 
hours to replace It. Much of this trou- 



ind a wrecked 




FIc B. SbvwiHC Details of fllade ud 



_- r into the tunnel with such 

B that when It hits the stationary 



little fall makes 



of cars, much i 



nlng c 
■— -he I 

■- th= .„■„. ^1...... „„..„ 

... . . _. ) of heat below the 

ware. In tunnel dryers, where th« 
Dow of heat is horizontal or partially 
so, tunnel dimensions are extremely Im- 
portant. Overlooking- this fact pro- 
duces dryer Inetnciency. In order that 
the heat In a tunnel may do its work 
properly, the car and ware must flt 
as tight as Is practically possible. 
Spsca over the top of the ware should 
be absolutely avoided, alnce heated 
air always Tlsea, and. unless checked, 
will How over the top of the ware In- 
stead of around and thru It. Not 
only does this waste heat, but the 
top courses of ware dry first and 
often too fast, thus producing heavy 
losses. In building tunnels, the exact 
height of a loaded car of ware must 
be predetermined and only sufficient 
apace left to give clearance. Also. 
only sufficient space to give good clear- 
ance should be left on each side of 
the cars; otherwise, the air will take 
the path of least realstance and a large 
proportion of it will flow between cars 
and walls without doing any work. 

In the design of the lower part of 
dryer tunnels care should be taken to 
create a flow of air beneath the cars, 
also to provide means of getting rid 

-- - Ed, or fall- 

s the caui.. 

s Jumping the track. 

If steel rail ties are used to sup- 
port the tracks, It is easy to provide 
space of 1 ft. below the tracks the lull 
length of the tunnels. This space ac- 
complishes two things: {!) It offers a 
free path for the air flowing thru the 
tunnel, which, combined with the nat- 
ural tendency of the hot air to rise, 
gives exactly the condition most de- 
sired — -a circulation thru and under the 
ware; (I) It allows all ware falling 
from the cars to accumulate under the 
tracks Instead oC on them. This space. 



car. A well-designed double-lraok 
dryer should be as efllclent as a single- 
track typei it Is also cheaper to oon- 



Por single tunnels a pair of small 
outward-swinging doors works nicely: 
they are light and. since they swing 

out, a string ot cars accidentally start' 
ed will part and pass thru them with- 
out doing them Injury. With this typo 
(see Fig. No. S) the open space left 
between the rails can be Blled In with 
a 2-by-4 having grooves cut for the 
wheel flanges. The swinging steel door 
is not so successful with double tunnel 
as its weight may cause It to sag and 
drag on the rails when opened or 

The counterbalanced door, which Is 
raised and lowered. Is popular where 
storage space at the cool and hot ends 
la limited: but It is liable to be bat- 
tered or broken If the oars In tho 
tunnels start and Jamb It. 



^rfr 




Another successful type is the shest- 
Steel dour, hinged at the top and 
swung open by lifting from the bot- 
tom. Cars striking it lift it without 
doing any damage. It i. rather heavy 
for double tunnels hL'".ftn bo coun- 
terweighed. This i"^! °??(i also be 
ntted tight around t^ll^ un tsee Pig. 
-I. T). Suspended >:^« fft'',- used for 

"Jr.".'.'..:"- »«,»,«< St1»» '» " 



drawing 



Suspended K^t Tft' ,- used to 



_ . ._ ._ r a stack 

r fan is to be used should be decided 
oy a competent engineer, altho the 
stack, of course, eliminates the flied 
operating charge of a fan. Vent staoks 
built of lumber are not good, perma- 
nent investments, while well-built 
brick or hollow-tlle stacks are both 
permanent and of good appearance. 
When built of brick or tile, the stack 
walls should be 8% ins. thick; and, 
as a vent stack for a 10-tunneI dryer 
or Its equivalent In width offers > 
fairly large surface to wind, it is safest 



.J Hgure a dryer stack i_ ._ 

done in the case of a boiler stack. 

about 50 ft. highi if it Is necessftry to 
go higher than this. It may be found 
more advisable to Install a fan. 

Consideration must be given the fact 
that the vent stack must span the 
tunnels or rooms; In other words, that 
the walls between the tunnels or 
rooms directly under the stack must 



'. No. 8 shows a standard typs of 
" r a 10-traek dryer having o~ " 



built to carry its load safely. The 
area of the foundation naturally de- 
pends upon the nature of the soli 
upon which It Is built. The walls sup- 
porting the stack should be laid up in 
cement mortar. It will pay well to 
give these details close attention, thus 
avoiding collapses and costly damage 
to buildings. 

In single-track tunnel dryers, two 
3-ln. I-beams under each wall will 
safely carry the load, as each span Is 
short. In double -track tunnel dryers 
two 4-tn. I-beams should be used under 
each wall. When a 10-traok dryer Is 




I, and the steel 
h ■ '" ■ 

.-..rwall" 

In cases where ten tracks ars put In 
one large room, an IS-in. square pier 
Should be built in the center of the 
span; this makes the construction the 
same as (or a Hve-track span. 



- t the hot end. 

storage at the cool end allows for 
B In the speed of the setters. 



begins t( 



i.t the hot end and 
topped. With a stor- 
age the machine can keep on running 
on extra cars which can be thrown 
in on the storage tracks before each 
tunnel and put Into the dryer during 
the night when dry cars can be pulled. 
A good storage at the hot end al- 
lows the transfer men to make a pull 
of several cars from each tunnel at a 
time, thus saving time and labor costs. 
The ware gets sufficient time to cool; 
consequently, it Is handled more care- 
fully by the setting crew. Another 
Important factor Is that if extra oars 
are provided the capacity of the dryer 
can be materially Increased. With the 
dryer full and two or three full oars 
on eaoh track at the cool end at qult- 
Ing time, it Is easy for the night burn- 
ers to make one, two or three pulls 



H 



Dryer 
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Dryer 



during Cb« ntK>it and put the wet cars 
In as room Is made tor ttiem. The 
■vBtem alio often provides the little 
& dryer capacity needed to keep It 

.__ ^.... .._ ^htnn »nd kllnB, 

dry 

The BtoraKe tracks should always be 
provided with a roof as much of their 
value la lost If this precaution Is Qver< 
looked (aoe FIk. No. S for details of 
such a root). 

BUILDBRS (see catalog Section): 

American DrsBsler Tunnel Kilns. Inc. 

Hadfleld-Penfleld Steel Co. 

Philadelphia Drying Machinery Co. 



brick piers and «xhauHt steam during 
the day and low pressure live steam at 
night are fed Into these spaces. An- 
other form of the steam hot floor Is 
that In which drain tile of about four 
. .. ^|.g jii^jij parallel, r~' 






: ends of them. 



I tile 1 



led Inl 



with a „ , 

which becomes the floor on which to 
~" ■ " " I up quickly and 



should be as thin as practical. The 
upper floors of a building are heated 
either by the heat from a lower floor 
._ ^_. pipes placed Just beneath 




Ftv. S. DetaU at I 

MANUFACTURERS' ANNOUNCE- 
MENTS: 

Proctor & Sohwarti, Inc., Philadel- 
phia, Pa. 'Trootor" Continuous 
Dryers for Refractories, Drain 
Tile, Face Brick, Glass Pots and 
all heavy Clay Products as well 
as Electrical Porcelain, Chemical 
Stoneware, etc. (See catalog 

SIT— DRYER, FLOOR.— Floor dryers 

are used to dry any clay ware in the 
building. On account of the compara- 
tively small capacity, due to the slow 
drying, and the added expense this 
system Is not used unlees It Is neces- 
sary, or unless the capacity of the 
plant win not Justify the expense of 
Inslallatlon for a tunnel dryer. 
The ground floor 



rick Dryer Slack. 

half Inch apart, s 

tlon. Hot floors 
■ the 



I of 



■y much 
. . nud flra 



brick, and l 

brick not made by the buii. muu 
process. The dry floors of the upper 
parts of buildings are used for drain 
tile of the larger alies, fire brick and 
special shapes of Are brick and for 
aewer pipe. 

MANUFACTURERS (see catalog sec- 



American Dressier Tunnel 
International C^ay Machl 
Rodgers, L. E. Englneerli 



Klin 



sentlall; 



f spaces or openings beneath 



—B floor Into which some form of h™ 
Is driven. This form of heat Is almost 
always steam or the Products of com- 
bustion from a coal fired furnace. 
When direct nred coal furnaces are 
used the flues extend from one end 
of the building to the other or from 
one side to the other. These flues are 
covered with brick arches of various 
thicknesses, the hot part Just above 
the furnace near the Are being thick- 
est and then gradually getting thin- 
ner as the flue nioves away from the 
fire. At times sheet Iron la used in 

Elace of the arches spoken of above, 
ut part of the Iron roust be protected 
with brick anyway. The sheet iron 
cover is also used (or a steam hot 
noor. as the sheets are supported on 
forming the floor are spaced about a 



318 — DRYBR, HUMIDITY. — The hu- 
midity system of drying can be applied 
to any type of dryer, as the term 
humidity drying represents a process 
rather than a unique form of struc- 
tural design. There are several vital 
factors Involved in the design and 
operation of humidity dryers which 
require special attention, such as: 
(1) Design of the drying room: this 
varies with the character of ware to 
be dried and the allowable velocity of 
air over the material; the length of 
drying room is determined by unit 
output. (S) Loading of material: 
character of material to be dried de- 
termines method of loadln 



f loading, but Hufn- 
always ^e left for 



free passage (_ ___ .. 

obtain uniform contact between mate- 
rial and air. (3) Method of air circula- 
tion: the method adopted should In- 
sure a positive, uniform circulation of 

loclty over the surface of the 



.tent with good engineering prac- 
(4) quantity of air clrculMlon: 
Is rated In cu. ft. per min.. and 



of mol. 



?%Vao" 



I be I 






moved in a given time. (G) Method of 
controlling temperatures and humldl- 
tlesi this obviously rests upon tem- 
peratures and humidities under which 
the drying is done. In low working 
temperatures, which do not exceed 100 
deg. F.. humldlflers are used to estab- 
■ ' - ■ - r controlling the dew- 



deg. F.. 

point (oV'-ialura'ted" air)" tamper- 
ture. and the relative humidity of the 
air Is controlled simply by adding heat 



Ing h 
olfed 



2Q0 deg. F., 



working tem- 



amount of relative humidity i 
obtained, first, by using a dry ouiu 
thermostat to regulate the depression 






Humidity drying may be divided Into 
— "tages: Tl> The heatlng-up 



gruu'ally heated up In an atmosphi 
of relatively high humidity; -"■" " 



which the material Is 



pre- 



surface evaporation 

cracking or distorting 

of the surface of the material. (Z) The 
drying period. In which the air Is heat- 
ed to maximum allowable temperature 
for the material being dried, and the 
relative humidity Is gradually de- 



I the 1 



srlal : 



fer from 

perature while unloading 



ollng should bs 
B maienal will not auf- 
great a varlanc* In tero- 



UANUFACTURERS (see catalog se«- 
tlon): 

American Dressier Tunnel Kilns. In<^ 

Philadelphia Drying Machinery Co. 

Proctor & Sch warts. Inc. 

Rodgers. L. E. Engineering Co. 

MANUFACTURERS' ANNOUNCE- 
MENTS : 

Philadelphia Drying Machinery Co., 
33E1 Stokley St.. Philadelphia. 
Pa. Various types— Automat lo 
Conveyor Dryer, Tunnel Truck 
Dryer. Stlllage Dryer, and Cab- 
inet Dryer (used for experimental 
purposes, or very small produo- 




Plg. •, Detail sf Post lor Drylag SkeO. 



; humidity reg- 
attached when 
B quick, uniform 
ctlons In warped 



, Inc., Philadel- 
phia, fa.. "iTOctor" Humidity 
Dryers— (truck type) for Vltre- 



Proctor &. Schw 



Dryer 
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cal Stoneware, SaKKera. GIbbs 
PotB. etc.; (chain conveyor type) 
for Genera! Ware. Dry Fress 
Porcelain. Filter Frets Cakes, 
CIsy BollH, Spark Plugs, Sas'Kers. 
Flower Pots, etc; (rack type) 

chines accurately combine and 
control circulation, temperature 
and humidity aa definitely re- 
quired thru the prOKreSHlve 
stages or drying: each particular 
material. Their advantages are 



tremendous t 






Ing; ellnilnatlng' spoliaKe: sav- 
ing time; and economrilng In 



DRVBR INSUIutTION, see Insula- 



318 A — DRYER. 



and thence thru the 
movement being a c 
transverse circulation 
with no tendency to s 
ment by the clrculatli 



CiDBB Sectton of Moeller and PCelfer 



which connect with a cross and longi- 
tudinal duct, K, to the hot end over 
the dryer root. The duct, K. enters 
vertical duct, O. at hot end of dryer, 
and this duct. O, opens at the bottom 
Into end chamber, M, Into which the 
under ducts, N, discharge. Thus the , 
circuit with the drying chamber Is 
complete. 

There are no doors at the cold end. 
X. and air enters freely at this point. 
--■--1 up by the nrst 



end of the i 

hot end Is 
saturated, 
drawn Into 

Thus, air movement In a Moeller and 
Ftelfer progressive dryer Is that of a 
spiral with a rapid lateral motion and 
a slow forward movement. The air. 
as It advances thru the drying room. 
Is being used to take up moisture and 
thus dry the ware. When It reaches 
the hot end. Y. Its usefulness as a 
drying medium Is spent, and upon Its 
return thru the ducts and pipes Its 
heat Is given up to the Incoming air. 
>nly Is the sensible heat of the 



'. O. and F 



ted back 



air 



r give 



I, but, I 



MANUFACTUBBRa (see catalog sec- 
tion): 
Philadelphia Drying Machinery Co. 
Proctor & Schwarti, Inc. 
Rodgers, L. E.. Engineering Co. 

—All ware 
. — - ^ntter Is In- 
cluded under this head— whlleware, 
yellow ware, porcelain, electrical ware, 
__. .._ products, etc. In view of the 
L . . required in the sev- 

there Is no general type ol dryer ap- 
plicable to all. 

arrangement for soma 



varylni 



and bee 



B of V 






9 Is 



irlals 



led ware; this places th< 
Jacent to the manufact 
% opening Into It. 
y rooms for small ware 



re feet wide, - 

ong, depending upon 
e building and the spi 
r the potters. Shell 
lit the ware to ha Art 
n either side of e 



•ndlni 



> the 



elllng 



:o permit the workmei 
3Ul, In order to get a maximum dry- 
ing capacity In the allotted space. In 
3ome lines of ware the compartments 
JF dry rooms are provided with doors 
which close the room when It Is not 
being filled or emptied; In others, the 
rooms are merely racks with suitable 
„ provided for the work- 
men handling the ware. The heating Is 
K,. .. _< — nmonly three ■ ■- 



pasBaget 









of 



; lim 



six pipes in each r 

1 of ware which will stand 
d treatment, the pipes are 



Blow, and, i 

Is heated by radiation. "To Incr 
drying capacity In the same : 



In the center of each closet is 
tical shaft to which the shelves 
ttBched radially, and the whole 
contrivance can be swung around 






:urated exhaust air, and 
{i) m radiation losses. These losaes 
are supplied by the furnace. I. 

I from factory t 



f drying apparatus 



the ware Is placed. The chain mo 
continually and the ware moved 1 
the drying chamber, which Is accurs 
ly controlled as to temperature i 



Plaa and LvncltndlMal Seetloa of 
Mueller and Ffclfer DryeF. 



«nd of the dryer. This is necesaary be- 
cause the dryer Is only partially waste 
heat, since German operators largely 
UBO continuous kilns. In which heat 
from cooling ware Is not available tor 
drylnK- 

Tbe top flgure shows the plan of the 
dryer- The furnace Is placed at I, from 
which the combustion gases pass hori- 
■ontally thru ribbed radiating Dues or 
tubes C. into flues H, which connect 
with stack or fan. Several circulat- 
ing fans, F, are used, one of which 
Is lust opposite the furnace. This fan, 
p, draws the air thru the wan 



of dryer, 

and will supply the heat normally 
prL>duced by an auxiliary furnace, 

aift^DRYBR. PERIODICAL,. — The 

periodical dryer, as Its name implies, is 
intermittent In operation; floor dryers. 



air 






ntlni 



intll 



i Is dry, when they are shut oft 

and the ware removed. The advan- 
tages of the periodical dryer may be 
lied as follows: (1) It Is adapted 

I of lifting cars or trucks. 

vor BVBtem for delivery of 
I dryer and, by the 



the ware into 



types. It perm 



-"-"s'io"/-!' 



ich air as may t 
e the ware 1**8 r 



sired, and wher 

a condition where n\i\\ stand rapid 
drying, the tempepa- .rp may be ad- 
vances to any degr-^tUfp ^j^ tua limits 
o( the heating equf« V'V and any re- 

Suired volume of '^Kie'^ av be Intro- 
uced. (See also (.8?? rC^Jilm-) 






i that the appar 



MANUFACTURERS (see catalog S( 



Proctor & Schwartz, Inc., Philadel- 
phia, Pa. "Proctor- Automatic 
Stove Rooms and Mangles— con- 
tltluoUB-proceas dryers for green 
and dipped general ware — excel 
for quality of ware, speed and 
economy of operation. 
zai — DRYER, FROGRESSIVR. — The 
progressive dryer is a tunnel or com- 
partment dryer In which the air vol- 

remalns unchanged, in so far as It is 
practical to maintain a constant tem- 
perature. The theory 1b to dry the 
ware In progreaeive stages by advanc- 
ing It from a low temperature, usually 
humid zone, to a high temperature dry 
zone. In progressive dryers used In 
U. S., the heated air enters at one end. 



Dryer 
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Dasses thru the tunnels and escapes 
at the other end. The ware, usually 
placed on cars, enters at the air exit 
end of the tunnels, gpenerally known as 
the receiving end, and travels thru the 
tunnels to the delivery end where It 
is removed from the dryer and taken 

to the kilns. . ^ ^ ^ -«t*u ».«««• 

The entering a r. hot and with great 
capacity for moisture, first comes in 
contact with the hot dry ware leaving 
the dryer. As the air passes thru the 
tunnels it successively comes in con; 
tact with cooler, wetter ware, until, at 
the receiving end. It passes ainong the 
cold, damp ware fresh from the ma- 
chine In its passage thru the tunnel 
the air becomes cooled, thereby lessen- 
ing Its capacity for moisture, yet con- 
tinuing to take moisture ^ from the 
di^p ware. The dew point 1«. Pre- 
sumed to be reached as the air leaves 
the tunnel at the ware-receiving end. 
Under proper conditions, the *i««i2"y 
treatment, so necessary In drying 
many clay wares, is automatically car- 
ried out In the progressive dryer. 

The drying condition in the progres- 
sive dryer Is theoretically ideal. Its 
construction and adjustment. *\oweyej-, 
to enable it to meet the highly vari- 
able and specific conditions for auc- 
cessfuUy drying different kinds of 
ware are matters that require indi- 
vidual and expert attention. 

One form of progressive dryer is 
that In which exhaust steam during 
the day and live steam during the 
night, are turned into a set of steam 
colls. A fan pulls or pushes air thru 
these colls so that they will give up 
the heat contained in the ^team and 
the air is then led Into the tunnels of 
brick to be dried. This system of dry- 
ing is very good In many cases, but 
the temperature can not go above zzo 
deg., as it can in the system which 
dr^s by the waste heat from the kilns. 
(See also Dryer, steam; ^Dryer, radi- 
ated heat, and Dryer, waste heat.) 

MANUFACTURERS (see catalog sec- 
tion): . ^ 

International Clay Machinery Co. 

Philadelphia Drying Machinery Co. 

Proctor & Schwartz, Inc. 

Rodgers. L. E., Engineering Co. 
2aa— DRYBR, RADIATED HBAT-— 
The radiated heat dryer is a develop- 
ment from the direct coal-fired hot 
floor. The first step was to cover the 
hot floor with tunnels; the next step 
was to introduce air around the fur- 
naces and into the tunnels, and then 
to provide improvements in air circu- 
lation and heat radiation. Thus, while 
the term radiated heat dryer is appro- 
priate, in reality this type of dryer 
makes use both of convection and radi- 
ation. The entering air circulates 
around hot furnace walls and becomes 
heated by contact with them; it then 
passes into tunnels containing ware 
and gives up heat to the ware and to 
the work of evaporation. Smoke flues 
extend full length of the tunnel under 
the tunnel floor, and thus heat from 
its walls is radiated to the ware. The 
furnaces are located In the ware deliv- 
ery end of the dryer, in a pit below the 
dryer tracks, and usually and pref- 
erably built Into the dryer, in order 
that any radiation from the furnaces, 
ordinarily considered heat loss, is 
available in the tunnel for drying pur- 
poses. The furnaces are usually sim- 
ple coal-fired box grates. ^. , ^ . . 
Improvements In the radiated heat 
dryer are directed toward better air 
circulation and contact with furnace 
walls, also toward smoke flue construc- 
tion which will provide maximum radi- 
ating surface with minimum wall re- 
sistance to the passage of heat by 
conduction from the inner to the outer 
surface of the flue walls. ^ 

Radiated heat dryers can work -with 
a relatively small volume of air where 
only natural draft is used; fan draft 
necessarily requires increased volume. 
In fuel consumption, fairly representa- 
tive records show variations from 200 
lbs. to 380 lbs. per thousand 9 -lb. 
brick, each brick estimated to contain 
about two pounds of water; the 380-lb. 
consumption was attributed to Im- 
proper construction and Ineflicient 
operation. 

In design, radiated heat dryers vary 
with local natural conditions and 
kinds of ware to be dried, but are usu- 
ally progressive. 

MANUFACTURERS (see catalog sec- 
tion): 

American Dressier Tunnel Kilns, Inc. 

Freese, E. M. & Co. 

Hadfleld-Peufleld Steel Co. 

International Clay Machinery Co. 

Proctor & Schwartz, Inc. 



MANUFACTURERS' ANNOUNCE- 
MENTS: 

International CHay Machinery Com- 
pany, Dayton, Ohio, have devoted 
years of close study to radiated 
heat dryers, and are prepared to 
give expert advice on dryer de- 
sign for different types of clays 
and wares. These dryers are so 
designed to give exact control of 
the temperature and humidity 
within the tunnels. See our 
pages In catalog section. 

228— DRYER, RBIiATIOlf OF AIR 

TO« — Physical chemistry explains that 
water as vapor is absorbed by air, and 
that it goes Into solution just as salt 
may go Into solution in water. In dry- 
ing clay wares, however, we may con- 
sider that air does not absorb mois- 
ture because air is not an essential 
factor in vaporization. 

If one cu. ft. of air saturated with 
moisture could be enclosed and the air 
withdrawn, the moisture would remain 
suspended in the space as water. 

If a long tube, closed at one end, is 
filled with mercury and the tube In- 
verted in a mercury bath, the mer- 
cury in the tube will drop to about 29 
In. or barometric pressure. The space 
above the mercury in the tube Is a 
vacuum. If at this moment a drop of 
water Is Introduced in the tube, the 
mercury will quickly drop: and the fall 
is not due to the insignificant weight 
of the water, but to vapor from the 
water which fills the upper part of the 
tube and exerts a pressure upon the 
ipercury and depresses It, or more 
clearly, partially overcomes the atmos- 
pheric pressure which supports the 
column of mercury. If all the water 
passes into vapor, the saturation of the 
vacuum may not be complete, and the 
Introduction of more water will result 
in further depression of the mercury; 
but when the saturation is complete 
and no more water will evaporate, then 
no further change will take place in 
the mercury level. 

Assume, however, that some other 
liquid is introduced at this point. The 
space is already saturated with water 
vapor, but not with the vapor of the 
other liquid, and the latter evaporates 
and causes still further depression of 
the mercury level. The pressure exert- 
ed by these vapors is called vapor 



dryer at 60 deg. F., and the moisture 
removed by desiccators; by cooling, or 
in any way, one cu. ft. of rarefied air 
would be obtained, but less than a 
cubic foot of atmospheric pressure. 
Repeat thb experiment at 120 deg., and 
the remaining air would occupy a 
much smaller volume, and at 212 deg. 
there may be no air whatever. 

In substance, while air in a closed 
space does not Interfere with the 
weight of moisture taken up, and, in 
fact, may be in some slight degree an 
aid, yet In free space the water vapor 
displaces air and at. or above, the 
boiling temperature the air may be en- 
tirely driven out. 

From this it will be seen that, from 
the standpoint of drying clays, air 
has practically nothing to do with 
evaporation; that evaporation is a 
function of vapor pressure, and vapor 
pressure is innuenced by temperature. 

Air plays a mechanical part, and a 
very important one. Returning to the 
mercury tube again, assume there Is 
a stopcock in the top of the tube open- 
ing into a larger vacuum. When the 
mercury has reached its lowest level, 
due to vapor pressure, if the stop- 
cock is opened the mercury will rise 
immediately and force out the vapor. 
Closing the stopcock reproduces the 
former conditions and the water will 
evaporate as before and force down 
the mercury. With air, however, we 
can create a draft and thus sweep 
away the vapor as fast as it is taken 
up by space. If the vapor were not 
removed, drying would cease as quick- 
ly as the vapor pressure was attained. 
As temperature rises, vapor pressure 
increases, and at 212 deg. equals the 
pressure of the atmosphere. At this 
point, air is no longer needed, because 
steam overcomes atmospheric pressure 
and forces Itself out, not because of 
air, but in spite of It. This is illustrat- 
ed by steam rushing out of a boiler, 
pushing the air away. 

Thus, in drying clay ware's at low 
temperatures, it is necessary to use a 
large volume of air because each cubic 
foot has space for only so much vapor 
and must be removed when saturated 
if the drying is to continue. As the 
temperature is Increased, the capacity 



Vapor capacity op loo ou ft. of air. 





Deg. 






Percentage of Saturation 






P' 


Fahr. 


100 


90 


80 


70 


60 


50 


40 


0.361. 


. 50 


0.060 


0.054 


0.048 


042 


0.036 


0.080 


0.024 


0.518. 


60 


0.085 


0.077 


0.068 


059 


0.051 


0.043 


0.034 


0.733. 


70 


0.117 


0.105 


0.094 


0.082 


0.070 


0.059 


0.047 


1.024. 


80 


0.161 


0.145 


0.139 


0113 


0.097 


0.081 


0.064 


1.410. 


90 


0.2i8 


0.196 


0.174 


0.153 


0.131 


0.109 


0.087 


1.918. 


.100 


0.2^2 


0.263 


0.233 


2'04 


0.175 


0.146 


0.117 


2.578. 


.110 


0.384 


0.346 


0.307 


0.269 


0.230 


0.192 


0.154 


3.425. 


.120 


0.502 


0.452 


0.402 


0.351 


0.301 


0.261 


0.201 


4.503. 


.130 


0.650 


0.585 


0.520 


0.455 


0.390 


0.325 


0.260 


5.859. 


.140 


0.830 


0.747 


0.664 


0581 


0.498 


0.415. 


0.332 


7.645 


.150 


1.051 


0.946 


0.841 


0.736 


0.631 


0.626 


0.421 


9.628. 


.160 


1.320 


1.188 


1.056 


0.924 


0.792 


0.660 


0.528 


10.850. 


.165 


1.476 


1.328 


1.181 


1.033 


0.886 


0.738 


0.590 


12.180. 


.170 


1.644 


1.480 


1.315 


1.151 


0.986 


0.822 


0.658 


13.650 


175 


1.826 


1.643 


1.461 


1.278 


1.096 


0.913 


0.730 


15.270 


180 


2.029 


1.826 


1.623 


1.420 


1.217 


1.015 


0.812 


17.060 


185 


2.250 


2.025 


1.800 


1.575 


1.350 


1.125 


0.900 


19.000 


.100 


2.486 


2.237 


1.989 


1.740 


1.492 


1.243 


0.994 


20.260 


195 


2 cm 


2 368 


2.105 


1.842 


1.679 


1.316 


1.052 


23 460 


2O0 


n 024 


2 722 


2.419 


2 117 


1.814 


1.512 


1,209 



pressure. Now, if the tube is cooled, 
a portion of the vapor condenses and 
the mercury rises; but if the tempera- 
ture is raised, the vapor pressure (vol- 
ume of liquid vaporized) Is increased, 
and the mercury falls. If air is in- 
troduced, the mercury falls still fur- 
ther, and addftional vapor is taken up, 
due, first, to the grr eater space, and, 
second, perhaps in consequence of the 
introduction of the air. 

Assume, at this point, that one cu. ft. 
of saturated air was taken from a 

44 



to take up moisture Increases, and leas 
volume Is required to carry it away. 
Theoretically, above 212 deg. F. no air 
is needed, but in practice air serves as 
a convenient, tho not necessarily ea- 
sential, medium to conduct the heat 
from its source to the ware. 

Frequently the question is asked, 
"Does the volumd of air increase with 
temperature in equal ratio with the 
vapor pressure, and, if so, is not the 
same volume of air required for all 
temperatures?" 
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To answer this, the attached table U 
computed from this formula of Seer^r 
for vapor capacities. 

V= 1.293 X^ X ~7|j= wt. of vapor 

In kilos per cu. meter of air 
1.293 = wt. of 1 ou. meter of dry air at 

deg. C. and 760 m. m. barometric 

pressure. 
P= tension of vapor at temperature t 
a=:: 0.00366 =co-emclent of expansion of 

eras for 1 degr. C. 
t = temperature of observations 
0.623= specific wt. of water vapor 

where dry air equals 1 

The formula has been ohanffed to 
pounds, F., etc., and the altitude is as- 
sumed to be 800 ft. or 29 In. of mer- 
cury, instead of 760 millimeters. The 
formula thus becomes: 

V= 1.293 ^^- X i+o.OO»(''-82) >< ^O" = 

Wt. of vapor in lbs. per 100 cu. ft. 

of air. 

The column at the left ffives the 
value of p' for several temperatures; 
the third column is for 100% or com- 
plete saturation: the fourth column 
for 90% saturation, etc. As will be 
noted in the second column, in advanc- 
ing: from 100 deer, to 200 degr-, the ca- 
pacity for moisture Increases more 
than ten times — namely, from 0.292 lbs. 
to 3.024 lbs. 

The volume of air increases accord- 
ing: to the formula V'=V[l+a(T-t)3 
in which V' = volume of air at the 
final temperature T. V= volume of air 
at the initial temperature t. a=:.00366. 

This represents an increase of 17% 
in air volume, or rather the air is rare- 
fled to this extent while the carrying: 
capacity has Increased over 1000%. 
About one-eiRhth of the air volume is 
required at the higrher temperature to 
do the same work. 

224 — DRYBR, ROTARY. — ^There are 
two g:eneral types of rotary dryers, 
di8ting:uished as direct or indirect heat 
dryers, both of which are manufac- 
tured in a larg:e rangre of sizes and 
capacities, adapted to drying: clays, 
shales, sand, marls, slurries, fertilizers, 
crushed limestone, and for calcining: 
fire clays, roasting: ores, and for hand- 
ling: a g:reat variety of other materials 
from which moisture must be removed 
at low cost, or in which special heat 
treatment is required. 

In direct heat rotary dryers the 
8:ases of combustion are drawn thru 
the revolving: shell and brougrht in the 
most intimate contact with the wet 
materials. They are therefore adapted 
for drying: any materials that will not 
be damag:ed by hig:h temperatures or 
by the g:ases of combustion from the 
furnace. Direct heat rotary dryers 
also remove the larg:est amount of 
moisture for the least fuel cost. 

The indirect, or radiated, heat dryers 
are used where the materials would 
be injured by direct contact with the 
g:ases of combustion. In this type the 
heat for drying: is obtained by two 
methods; that is, (1) the air is heated 
by being drawn thru steam coils be- 
fore it is passed thru the revolving: 
cylinder, and (2) the air is heated by 
the radiation of the heat from a fur- 
nace thru the shell of the dryer. 

The selection of the particular type 
of dryer and the lengrth of shell re- 
quired, must be based upon an accu- 
rate knowledge of the nature of the 
material to be handled, the condition 
in which it will come to the dryer, the 
percentagre of moisture it contains, the 
percentag:e of moisture it is desired to 
remove, and the approximate number 
of tons to be dried per hour. Where 
the capacity is small and the moisture 
is . on the surface, as with sand or 
crushed stone, a comparatively short 
shell may be employed with success; 
but for drying clays or other materials 
from which a large amount of moisture 
must be taken, the best results are 
obtained by using a shell of 40 ft. or 
more In length. 

MANUFACTURERS (see catalog sec- 
tion): 
Bonnot Co. 

Hadfleld-Penfleld Steel Co. 
Weller Mfg. Co. 

MANUFACTURERS' ANNOUNCE- 
MENTS: 

Bonnot Co., Canton, Ohio. Rotary 
dryers from 30 inches to 8 feet 
in diameter and of any necessary 
length. Bonnot dryers are of the 
direct-fired type, suitable for 
drying any material not injured 
by direct application of heat. 



22S— DRYBR, 8 AGOBR^ — Various 
methods are employed for drying sag- 
gers. In some potteries steam pipes 
are used, while in others there is a 
long stove called a sagger fine, which 
is fired at one end and thru which the 
heat and fiame pass. The saggers are 
placed on top of this fine, which rests 
in a horizontal position. Saggers are 
also dried in automatic stoverooms. The 
reader is referred to Stoveroom and 
also to Dryer, humidity. 

MANUFACTURERS (see catalog sec- 
tion): 
Philadelphia Drying Machinery Co. 
Proctor & Schwartz. Inc. 

MANUFACTURERS' ANNOUNCE- 
MENTS: 

Proctor & Schwartz, Inc., Philadel- 
phia, Pa. "Proctor" Sagger Dry- 
ers — continuous-process dryers 
producing perfectly dried sag- 
gers of excelling durability; 
greatly reducing production time 
and cost. 

22«— DRYBR, SAND.— In the manu- 
facture of soft mud brick, silica brick 
and some fire brick shapes, the use of 
sand on the outer surfaces is neces- 
sary. If the sand is damp or wet un- 
necessary trouble is encountered. The 
same is true of sand that is used for 
setting any clay ware. Sand dryers are 
therefore employed to produce abso- 
lutely dry sand. These consist of a 
large cannon stove which is heated by 
coal or oil. A wire mesh screen sur- 
rounds the stove, and as long as the 
sand is damp it stays Inside of the wire 
mesh. As soon as it dries, however, 
it falls out This type of dryer, there- 
fore, is automatic. In some cases 
steam coils are substituted for the 
stove. 

MANUFACTURERS (see catalog sec- 
tion): 
Bonnot Co. 
Stevenson Co. 

227— DRYER, 8PBCIAI« FOR STIFF- 
MUD BRICK^ — This system is designed 
to eliminate the conventional type of 
dryer for drying stiff-mud brick. 
Dryer cars, trucks, etc., are replaced 
by conveyor belts. The take-off belt 
from the brick cutter Is extended 
along the fronts or ends of the kilns, 
and a cross conveyor is used to take 
the brick from the main conveyor and 
carry them into and thru the kiln, the 
brick being removed from the belt by 
the setters. The brick are set six or 
eight .courses high, or to whatever 
height they will carry the weight, and 
the fioor of the kiln is completely cov- 
ered to this height. The kilns sliould 
be of such size that they will hold 
one day's run of the machine when 
piled six or eight high. 

The kilns are equipped with under- 
fioor fiues. When the kiln floor is 
fully covered with the first setting 
of brick, a fan is used to force hot air 
thru these distributing fiues and up 
thru a perforated kiln fioor, among 
the brick, and out thru the top of the 
setting. 

If the clay will stand rapid dryingi 
the first setting can be sufflciently 
dried thru the night to carry the 
weight of a second setting on top of 
the first lot. In this event, the cross 
conveyor is raised to the correct 
height, and the total height of brick 
at the end of the second day is 12 or 
more courses. At night, the heat is 
again turned in, pernaps completing 
the drying of the first section and suf- 
ficiently Hardening the second section 
to permit it to carry the weight of a 
third section. This operation is then 
repeated daily until the kiln is filled 
to maximum height, and the brick are 
ready for burning, with the advantage 
that, except for the last setting, they 
are dry or nearly so, and heated up. 

In event the clays will not stand 
such rapid treatment, two kilns are 
used alternately, thus allowing 26 
hours for drying each section. 

This system thus eliminates the 
take-offs, drver transfer men and teas- 
ers, except that one man is required to 
remove the waste cut from the belt 
where cutters making a waste cut are 
used, and one man is required to trans- 
fer the brick from the main belt to 
the cross conveyor. 

This system in its entirety is applic- 
able to up-draft, rectangular down- 
draft and chambered continuous kilns. 
The obstacles to its general adoption 
are due (1) to the faot that few days 
in the green state CLrni support the 
weight of a regular ^* ♦♦ln«i a^^ W 
to the diflaculties ^^ B^^yHfed. In try- 



itered 



ing to regulate the rate of burning 
to that of drying. 

MANUFACTURERS (see catalog sec- 
tion): 
Freese, E. M. & Co. 
Hadfleld-Penfield Steel Co. 
International Clay Machinery Co. 
Proctor & Schwartz. Inc. 
Rodgers, L. E., Engineering Co. 

228— DRYBR, STBAM. — Steam pipe 
dryers may be divided into two gen- 
eral classes, periodical and progn:'essive. 

Periodical Dryers. 

A combined radiation and convection 
periodical steam dryer consists of a 
series of tunnels with steam pipes laid 
under the tracks or runways (by 
means of which the ware is moved on 
cars, trucks, etc.). and sometimes 
along the sides. Air inlets and outlets 
are provided at opposite ends of the 
dryer. When these air vents are closed 
the ware can be heated by direct radi- 
ation from the steam pipes without 
the aid of convection. After the ware 
has been heated and put thru any de- 
sired degree of humidity treatment, 
the air vents may be opened and the 
drying finished rapidly. With the 
steam pipes in the dryer tunnels 
there is practically no loss of radia- 
tion. A natural draft is employed and, 
consequently, very little air is need- 
ed; merely enough to sweep out the 
moisture as it is developed. An ordi- 
nary tunnel of this kind is 100 ft. long, 
and, in some cases, as much as 8,200 
lineal feet of 1-in. piping is used to 
obtain the desired amount of radiation. 
This size of tunnel holds 7,000 stand- 
ard brick. Either exhaust or live 
steam is used for heating. 

FrogresslTe Steam Dryers. 

In the arrangement of the Brogn:'es- 
sive steam pipe dryer, the piping Is 
massed largely at the ware delivery 
(hot) end of the dryer; and the air, 
which enters by natural draft at the 
delivery end, moves forward horizon- 
tally and is drawn off, with the vapor, 
by means of a suitable stack located 
at the receiving (cold) end of the dry- 
er. In some cases the large stack at 
the cold end is replaced by small 
stacks, about eight inches square, and 
six or ten feet tall, at intervals in the 
length of each tunnel. Also in some 
cases a fan is used on the exhaust end, 
to pull out the moisture. The dryer 
itself may be a series of tunnels, each 
equipped with the proper amount of 
piping and under individual control, 
or, more often, it Is a largre single 
room. Either exhaust or live steam 
may be used for heating. The piping 
is arranged in colls, four to six pipes 
deep at the delivery end, two to four 
pipes deep in the next section, and 
two pipes deep in the section farthest 
removed from the delivery end. The 

Siping may extend full length of the 
ryer, or only one-half to two-thirds 
its length, according to the designi. 

Pipe Rack Steam Dryers. 

The pipe rack steam dryer is simply 
a series of steam pipe racks upon 
which flat steel pallets containing the 
ware are placed. This dryer is used 
only where the clay will stand such 
severe treatment. It is customary to 
build the racks in four sections, each 
holding 7,500 to 10,000 brick, making 
the daily capacity of each unit dryer 
30.00U to 4U.0U0 brick. The pallets, 
loaded with brick, are carried into the 
dryer on rope conveyors which operate 
in the passageway between the steam 
pipe racks; the lower or returning 
ropes are used to carry back the empty 
pallets. 

MANUFACTURERS (see catalog sec- 
tion): 
Hadfield-Penfleld Steel Co. 
Philadelphia Drying Machinery Co. 
Proctor & Schwartz, Inc. 
Rodgers, L. E., Engineering Co. 

220— DRYBR, TBRRA <M>TTA.— It iS 

doubtful whether any dryer may be 
described as typical of terra cotta. In 
some cases, single pieces of terra ootta, 
over 40 ft. long and 10 ft. high, may 
be modeled, and, after modeling, cut 
into sections to be dried and burned, 
each section so complicated that the 
drying must be watched and controlled 
Individually. Monumental pieces of 
terra cotta are dried on the modeling 
floor, and the drying process involves 
the application of wet cloths here and 
there on each piece to Insure uniform 
drying without damage. Smaller terra 
cotta products, such as moldings, etc., 
can be dried more quickly, and for 
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this reason usually are removed from 
the modeling: floor to some type of 
dryer. A few of these are described 
below* 

In some plants, the modellngr floor 
(press room) is underlaid by flues 
from the kilns, and all heat from 
the burnlne kilns passes under the 
floor. At nUrht, hot air from the cool- 
ing kilns is forced into the press room 
to complete the drying. This method 
is economical, but lacks sufllclent con- 
trol. In other cases, the press room 
floor is underlaid with steam pipes in 
sections, each section belngr controlled 
by valves. , , 

A typical dryer for ware which will 
stand more rapid treatment than that 
of the press room consists of a two- 
story tunnel. The lower tunnel re- 
ceives the terra cotta on cars. The 
upper tunnel is equipped with a fan 
and a set of steam coils. No outlet 
or inlet air vent is used. The fan 
merely keeps the heat radiated from 
the coils in constant circulation by 
forcingr it thru the lensrth of the upper 
tunnel, from which it passes into the 
lower tunnel and returns to the fan. 

In some plants this type of dryer 
has a door in the upper tunnel leading: 
to the fan, an exit door in the lower 
tunnel, and an opening: between the 
upper and lower tunnels at the fan 
end as well as at the opposite end. 
By this means, the fan draws air from 
the outside, forces it thru the coils 
to the opposite end of the upper tunnel, 
then down into the lower tunnel, and 
exhausts it at the delivery end of the 
latter 

Another modiflcation of this type is 
to provide a small relief or escape 
hole in the top of the upper tunnel 
opposite to the fan. Consequently, part 
of the air forced thru the coils by 
the fan escapes thru this relief hole, 
while the remainder passes into the 
lower tunnel, thru the ware, and re- 
turns to the fan. The quantity of air 
which escapes thru the relief hole is, 
of course, replaced by air drawn from 
the outside by an inlet placed back 
of the fan. The lower tunnel doors 
are kept closed, except in filling: and 
emptying: the tunnel, and after the 
inlets and vents are adjusted to the 
ware, no further chang:es are neces- 
sary. This dryer produces very satis- 
factory conditions for drying^ difl9cult 
ware, by providing: a rapid circulation 
of hot and nearly saturated air. 

In some terra cotta plants, all ware 
which has reached the stage of rapid 
drying: and can be removea from the 
press rooms (which have steam heated 
floors) is taken to the drying: rooms 
which have slotted floors and thru 
which the air is forced by a plate 
fan. The air is drawn from the out- 
side thru heating: coils or from cooling: 
kilns; and an arrangement is also 
provided to permit the hot air, after 
it has passed thru the dryers, to be 
forced into the press rooms to main- 
tain the temperature of the latter and 
provide a nearly saturated air, this 
being: desired for the initial stag:es of 
drying: freshly molded wares, and also 
during: modeling:. 

Typical waste heat dryers (see 
Dryer, waste heat) are also used in 
some terra cotta plants, and recently 
humidity dryers have come into use. 
(See also Dryer, humidity.) 

MANUFACTURERS (see catalog: sec- 
tion): 
Hadfleld-Penfleld Steel Co. 
International Clay Machinery Co. 
Philadelphia Drying Machinery Co. 
Proctor & Schwartz, Inc. 

280 — DRYSR, ^WASTES HBAT. — The 

progressive waste heat dryer is a 
tunnel or compartment jdryer in which 
brick, hollow ware, etc., may be dried 
by waste heat derived from engine 
exhaust steam, from cooling kilns or 
from burning kilns; at times two or 
more of these sources are used in 
combination to supply the necessary 
amount of heat. In many cases, direct- 
flred auxiliary furnaces are also pro- 
vided to meet any possible deflciency 
in the supply of waste heat. In design, 
the object ordinarily is to bring all 
hot air, whether from steam coils, 
kilns or auxiliary furnaces, into a 
mixing chamber adjacent to a forced- 
draft fan, which supplies the means 
of convection. Each source of supply 
of hot air is controlled by a damper. 
The manner of applying combustion 
gases and radiated heat from the kilns 
varies considerably, according to the 
character of ware to be dried and the 
Individual manufacturer's dryer de- 
sign. Being a progressive dryer, the 
green ware enters the tunnel or dry 



ing compartment at the receiving end 
where comparatively low temperature, 
usually humid, prevails, and, moving 
forward, gradually meets increasing 
temperatures and less humidity until, 
at the delivery end, it is brought into 
direct contact with the hot, dry blast. 
In the most modern installations, two 
fans are used and the dryer may be 
planned to permit a vertical movement 
of large volumes of hot air, as is 

g referable in drying hollow ware, or 
orizontal movement, according to the 
design adopted. 

MANUFACTURERS (see catalog sec- 
tion): 
Freese, E. M. & Co. 
Hadfleld-Penfleld Steel Co. 
International Clay Machinery Co. 
Philadelphia Drying Machinery Co. 
Proctor & Schwartz, Inc. 
Rodgers. L. E., Engineering Co. 
Steele, J. C. & Sons. 

281 — DRYBR-WHITB. — A term given 
to the superflcial discoloration of clay 
ware in drying; caused by the adher- 
ence of soluble salts to the surface 
of the ware. (See Soluble salt; Soluble 
salt, prevention of; and Barium car- 
bonate.) 

282 — DRYING. HOIV FT PRO- 
CBKDS. — Clay is porous, and when wet, 
these pores are filled with water. The 
pores form zig-zag channels or cap- 
illary tubes from the center of the 
mass to the surface. When there is 
no drying at the surface, there is 
practically no movement of the water 
in the pores — osmotic movement not 
considered. Immediately, however, that 
drying begins on the surface, the 
water thus evaporated is replaced by 
capillarity, draining the numerous 
minute reservoirs which we call pores. 
There is no better illustration than a 
lamp and wick. As long as the lamp 
contains oil it will be drawn up by 
the wick by capillarity. When the 
oil is exhausted, the flow ceases, altho 
there is some oil still clinging to the 
walls of the lamp. Similarly are the 
pore reservoirs in a clay mass drained. 
This is the first stage in drying and 
the stage in which shrinkage takes 
place, and if all parts of the clay mass 
are being drained at the same time, 
there are no unequal or local strains 
and the ware does not crack. 

It is almost needless to say that 
the safety of drying during this first 
stage depends upon the relative rate 
of surface evaporation and replace- 
ment. 

If we dip dilTerent substances in a 
colored solution and note the rise of 
the solution in the substances, we will 
have a clear idea of how in one clay 
mass, because of its pore channels, 
the included water will move from one 
place to another within the mass faster 
than in another clay mass with a 
different system of pore channels, to 
replace water removed by surface 
evaporation. 

Now if the water is evaporated from 
the surface faster than it is replaced, 
there must be cracking to relieve the 
strains, either that or the wet core 
must be compressed by the dried and 
shrinking shell, which is very doubt- 
ful. To compress such a core will ex- 
ceed the power of the strongest press, 
and clay, however strong, has not such 
strength. There are undoubtedly some 
strains introduced. It would be folly 
to claim that drying proceeds abso- 
lutely at the same rate thruout the 
mass, and whenever the strain exceeds 
the breaking strain of the dried clay, 
there must be cracking. 

In overcoming minor strains, the 
physical character of the clay plays a 
part. Ordinary clays, practically all 
clays, are made up of a number of 
minerals — fragments of the rocks from 
which the clays were derived. If the 
grains are angular and coarse, they 
may be loosened, partly pulled out of 
the imbedding matrix, or under com- 
pression will rearrange themselves into 
greater compactness, in either case re- 
lieving the strain. Also we must admit 
that clay has some elasticity which 
will relieve minor strains. 

The safe removal of the moisture 
then depends upon three factors: 

(1) The relative rate of evaporation 
and interstitial movement of the mois- 
ture. 

(2) The shape and size of the grains 
which make up the clay mass — viz., 
the interlocking power. 

(3) Elasticity. 

This brings us to the border land 
of the second stage of the drying, or 
more properly we should make this 
the second step in the first stage. 

46 



When the drying medium has pene- 
trated to the core of the clay mass, 
the latter is bone dry, as we say, but 
there is still the hygroscopic and 
colloidal water that cannot be removed 
under the boiling point. Air will take 
up and hold as vapor a certain amount 
of water for each temperature. We 
make this statement advisedly. (With- 
out confusing the discussion with tech- 
nical matters, let us say the air has 
absorptive power for the moisture, so, 
likewise, has other bodies, including 
clay, and the body which has the 
greatest absorptive power, will remove 
moisture from the other. We may 
say that the clay mass may not be- 
come dryer than the drying medium, 
and air is never absolutely dry. We 
know that this statement is open to 
attack, but, relative absorptive powers 
considered, it is true.) 

There is then some moisture remain- 
ing, and especially is this the case 
when we have various salts .common 
to clay besides sulphuric acid lining 
the pore passages. The latter and 
calcium chloride are commonly used as 
desslcators to remove moisture from 
the air, simply because they have 
greater affinity for moisture than air. 
Whatever the cause, some moisture re- 
mains in the "bone" dry clay mass 
which can only be removed by tem- 
peratures above the boiling point of 
water, or of the solution whatever 
it may be. Sulphuric acid, for in- 
stance, is only volatilized at 680 deg. 
F. The removal of this hygrroscoplc 
water is the second drying state and 
is done in the kilns — water-smoking. 
We are not concerned with chem- 
ically combined water, since it is never 
in the form of moisture, and is only 
expelled by the breaking up of the 
kaolin at a temperature of 800 degrees 
or higher. It correlates with the ex- 
pulsion of carbon dioxide from lime- 
stone, or sulphuric anhydride from sul- 
phates, or sulphur from sulphides. 

In the water-smoking stage of the 
drying there is considerable danger. 
We may generate the vapor so fast 
that there Is considerable pressure, and 
while it may not rupture the mass as 
a whole, yet it may loosen the In- 
dividual grains and thus cause a rather 
Kunky product which otherwise would 
ave the steel-like ring so much de- 
sired. The grains are loosened in their 
sockets in the matrix and while they 
may not pull out entirely, yet they 
cannot conduct the vibratory motion 
which is essential if the ware is to 
ring like steel. A cracked bell or a 
cracked vase will not ring true, neither 
will a brick ring true that has an 
infinite number of minute cracks, or 
loosened grains. This is why steamed 
brick are so often rotten. 

DRY FAN, see Pan, dry. 

288 — DRY PRESS AND SEMI-DRY 
PRESS PROCESS. — Commonly used for 
producing face brick, fire brick, and 
common brick. After the clay has 
been reduced to a finely powdered con- 
dition, it is put into steel molds in 
this nearly dry state, and the ware 
>roduced by great pressure. The term, 
lowever, is somewhat misleading, as 
he clay usually contains about 12 to 
15% moisture. 

In order to produce good brick from 
any clay, and to avoid losses and 
cracks the material should be thoroly 
homogeneous before putting it into the 
machine. This is usually done by hav- 
ing a mixer containing pins which re- 
volve and stir the clay located just 
above the machine. The pressure used 
to make the brick must be almost 
uniform, as too little pressure makes 
poor corners on the brick and too 
much pressure causes a crack length- 
wise of the brick on the side. 

MANUFACTURERS (see catalog sec- 
tion): 
Hadfleld-Penfleld Steel Co. 
Mueller Machine Co., Inc. 

234 — DRY PRESS BRICK MACHINE. 

— The essential parts of a dry press 
machine are very similar in construc- 
tion to a brick repress. The molds 
vary in number from two to six. The 
pressing mechanism consists of plun- 
gers which exert pressure both from 
above and below when the clay is in 
the mold, the plungers being operated 
by cams or toggle-joints which are 
supported by massive steel framework 
to give the requisite strength. From 
a hopper or bin, the clay is fed thru 
canvas ducts into a small feed box, 
thence into a charger. The charger 
holds clay for one charge, and with 
each raising and lowering of the press 
plungers feeds this amount of clay into 
each of the molds, being refilled as 
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1 Intermediate. More t 



this air may. 



Kettle. the Interme- 

diate pres- 
sure la applied, ttiis permits the air to 
escape thru vents provided in the die. 
The nnal pressure compacts the clay to 
Its maximum density. After the molds 

applied, the movement of the lower 
plunger carries the brlcli to the top of 
.._ . — .1 _.. .. __j pushed for- 

„ „-.. ,.,3edure may be 

ig-htly modified in the different types. 
^ ly. both the dies and the 

I of the clay. In addition to 
ineular shape of common brick, 

1.... .,_ ygeiJ 



power or hydraulic pressure, according 
to type ol design. A six-mold dry 
press has an average capacity of 30,- 



000 brick; and a four-mold, tO.OOO brick 
per day of 10 hours. 

MANUFACTURER (see catalog sec- 

Hadfleld'-Penfleld Steel Co. 
International Clay Machinery Co. 

MANUFACTURERS' 



«ss4 Metkfid of BlasllBK Clay Bask. 



DUMP BODIES, TRUCK AND 
niAGONt aee Truck dump -bodies and 
Wagon dump-bodies. 

DUMP CAR, aee Car, dump. 

DTJHPIKG ATTACHMENT, AUTO- 
MATIC, see Soft mud brick automatic 
dumping attachment. 

2>S— D Y N A M I T B,— An explosive 
formed by the abaorption of nltro 
glycerin with some inert substance 



BUch as sawduat or charcoal, and some 
nitrate compound which asBlsta the ex- 
plosion. Pure nltro-glycerln is eight 
times at powerful an explosive MB 
blasting powder, as It forms a gaa 
which. It Is said, occupies 10,000 times 



SretlOB Thru Klectric Cap. 

as much space as it did before the 
eiploBlon. Dynamite is made In many 

of nltro-glycerin contained therein. 
Dynamite is far safer to handle thAn 
nltro-glycerin and la used extensively 
in blasting operationa In the clay 
products Industry, It can be exploded 
by fuse and detonating cap or electric 
SQUIb, The latter Is safer and to be 
preferred especially where It is pos- 
sible to explode more than one hole 

of springing is followed; that la, a 
amall charge of dynamite is put Into 
a hole without tamping In order to 

,. .. ,. iiamlte, pi 

of the two. I'he ... ^ . _... _ 

t of the concentrated location 

iiploslvB la require ' 

■ ■■ la por-'^'- -- 



ability of this , , , 

fore, be thoroly Investigated In every 
Instance. In mining and digging clay 
or shale the use of dynamite or powder 
la neceaaary unleas the material Is 
very solt or power ahovela or other 
digging machinery heavy enough to 
dig the material as it laya, are in use. 



Ever 
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plosives often assists to such an extent 
that its uae ahowa good economy, 
DY-VAMO, see Generator and 

Alternator. 



_ _. _ low grade Bra 

I usually covered with lead 
r aoft tin enamels, (See also 



"Metfiods of Earthen 

ture") are as follows: (a) In biscuit 
: Is fine, but opaque, (h) In 

I porous, but closer 
y than delft, (d) It 
nor translucent and 



a moderately der 



. hard, fli 
,_, J^or gloat tiring It . . _ . 
rlcli, ratliBr than aoft, frlttiod gla: 
sily fusible, and containing lr~' 



(f) For 



■1th 



borax, or botfi. <g) It should be fine, 
clear, and tree from specks, the glaie 
transparent, to show its embellishment, 
(li) It Is scarcely alTectod by acida, 
alkalies, or sudden alterations of tem- 
perature. (1) Fine earthenware re- 
aulres two fires — the first, or biscuit, 
re to make permanent by baking the 
shape Into which It has been formed, 
and the second, or gloat, fire to melt 
the coating of glaze over the piece. 
The word biacult la a mianomer, as It 
slKniflea twice baked, whereas the term 
Is applied to the firing of ware in Its 
clay state, which is the first tire. 
(See also Pottery, classification of.) 
K P F L,0 RES CBN CE,— This refers to 
the discoloration that appears on the 
surface of clay products due to aolubie 
salts. For further enllBhtenment the 
reader Is referred to Kiln-white; Dryer- 

'I of, and Barium carbonate, 
■CJKCrrrnil An elnnlnr la an Kt- 

1 of a 



, steam Jet, and thla type of a ]et 

tump Is made to raise water from a 
iwer level or deliver It at a higher 
level. An ejector will not replace an 
Injector, as the latter Is made a little 
dltferently for feeding water under a 
An ejector Is '"" 



in 



..">' 



wheel pit. elevator boot, -. 

factory In mine or clay pit work where 

nor the height too great. (See also 
Injector; Pump,) 

3S9 — BLBCTRICAL PORCELAIN. — 

Embraces that line of insulating fix- 
tures made of a mixture of white t>urn. 
Ing clays, feldspar, and tlint. Such 
articles as wiring fixLurea, knobs, 
cleata, receptaclea, attaching pluga. and 
switch bases are dry press molded. 
Porcelain used for hlgh-tenalon inaula- 
tlon, as is necessary for oil switches. 



lint,. _ 

Is made by the wet 



a thla 
t den- 



granular Iron nor bodies which 

an appreciable amount of Iron. Engl 



alty and high insulating value. Elec- 
trical porcelain is usually glazed. In 

Cones ID and 12, altho sometimes lower 
temperatures may be used. 

MANUFACTURERS (see catalog aec- 

Engelhard, Chaa., Inc. 

240 — BLBCTTRICAI, PORCELAIN, 
MANUFACTURE AND REaUIRB- 

MBNTS OF. — According to Bleinlnger 
and Stull, the dielectric atrength of 
a porcelain la proportional to the 
vitriflcatlon area and bodies whlcb are 
free from mechanical and burning flaws 



Insulators as far as electrical reaiat- 
does not Include bodies' containing 



lisb 



clay is excellent because (_ _._ 

regular and gradual vitriflcatlan rate. 
With a mixture of Georgia, Florida, or 
North Carolina kaolin, and Tennessee 
ball clay It would be possible to meet 
practically every condition, and by ad- 
justing' the amount of coarse grained 
materials the drying and burning be- 
havior could be regulated satlafae- 
torlly. 

The limits of clay substance for 
insulators should be between 40 and 
«0%. Alumina has the property of 
making silicate fusions more viscous 
and In porcelains It widens the vitrifl- 
catlon range; hence, the clay content 
should not be leaa than 40%, while 
fiO% la the high limit on account of 
working and burning qualities. 

Feldapar above Cone S gives a high 
development of bleb structure. This 
Is most pronounced In bodies high In 
flint. Bleb atructure la accompanied 
by low dielectric atrength. Hence, 
manufacturers of dielectric porcelain 
use high clay and feldapar with low 
flint. When feldspar la the only flux 
about 19% la necessary to produce 



i 10. The 






Is 

feldspar. 30%; (2) flint, 20%; <fj clay. 
60%. Probably one per cent, or ao of 
CaCO. or MgCO, are substituted for 
part of the feldapar. Calcined mag- 
neslte Is better than MgCOi because 
CO. la likely to cauae bleb atructure. 
Glaaa or low-flred porcelaina (below 
Cone 8) have not proven aatlsfaotory 
as dielectrics. This is thought to be 

i dleleetrla 



electrical 
The 



ransformatlon 



=rease In temperature. 

High plastic claya can be used, but 
must be free of granular Iron. 



Electric 
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Electrical porcelain is manufactured 
by the fluid castingr* dry presa and stiff 
mud process. Mechanical flaws are 
least apt to occur in the fluid castlngr 
process. The dry pfess product is 
generally used with low voltagres. The 
stiff mud process is used for purposes 
as a dielectric. The grlaze, usually a 
dark brown or black, must mature at 
the same temperature as the body and 
not be a conductor. 

The two main types of insulators 
are the pin type and the suspension 
type. 

The period of time to which in- 
sulators are subjected to test is im- 
portant. When Voltaire is brought up 
rapidly, the test pieces will often stand 
as much as 26% higrher voltagres be- 
fore puncturingr than when the voltaare 
is brouf^t up more slowly. The 
voltagre required to puncture is pro- 
portional to the thickness of the in- 
sulator. 

Also, an insulator that would show 
practically no distress at 150,000 volts, 
60 cycles, would puncture in a few 
seconds if subjected to 100,000 cycles 
and not over 25.000 volts; this snows 
the effect of high, frequency. It seems 
that an insulator should stand three 
times the voltagre of a higrh tension 
line and show fiashingr across when 
hiffh voltagre results. It should be 
also tested for durability under hig:h 
frequency, say, of 100,000 cycles with 
a voltagre of that ordinarily used. The 
cycles act as a hammer and produce 
strains and vibrations which weaken 
insulators or produce fatigrue. Tougrh- 
ness and grood elasticity are therefore 
very important. 

MANUFACTURER (see catalog: sec- 
tion): 
American Dressier Tunnel Kilns, Inc. 
Mueller Machine Co., Inc. 

BliECTRIC INDUSTRIAL TRUCK, 

see Truck, industrial, electric. 

240A — ^EI^BCTRIC KILN AND FUIU 
NACB. — The use of electric heat to 
burn clay ware has not been very suc- 
cessful chiefly because clay is a poor 
conductor of heat. The kilns in use 
today all use the flow of the grases of 
combustion to heat up the ware, altho 
in a muflle or sagrgrer some of the heat 
must reach the ware thru radiation or 
conduction. 

Electric heat is produced thru re- 
sistance and is localized at one point 
or in one area. 

Electric kilns are in use, however, 
for putting: the grlaze on pottery. In 
this work a kiln or furnace is used 
that has two compartments, each 4 ft. 
longr by 18 inches wide by 24 inches 
higrh. The front compartment is used 
for preheating: the ware up to 300 deg:. 
C. There is a flreclay damper between 
the two compartments and when the 
ware has been properly preheated this 
damper is raised and the ware moved 
into the second compartment for fin- 
ishing:. 

The electric furnace requires no 
muffle, uses almost 60 per cent, less 
fuel than oil furnaces, and produces 
more uniform ware with less breakagre. 

ELECTRIC MOTOR* see Motor, 
electric. 

KLESCTRIC SHOTXSL, see Shovel, 
electric. 

ELECTRIC 81VITCH, see Switch, 
electric, standard and safety. 

241 — ELECTROMAGNET PURIFIER. 

— Iron and magrnetic oxide of iron may 
be removed from clay by reducing the 
material to a powder and suspending: 
it in water, so as to g:ive the parts to 
be eliminated a sufllcient mobility to 
enable them to be drawn by electro- 
mag:net8. A common method of elec- 
trical purification consists of the fol- 
lowingr arrangement: The material to 
be purified, being: placed in suspension 
in water, flows in the form of thin 
sheets thru a trench, above which are 
placed electromag:nets, traversed by a 
current coming from an ordinary bat- 
tery. At stated intervals the flow of 
clay is interrupted, the mag:nets are 
removed and placed in a trough filled 
with water at the side, and the cur- 
rent interrupted to permit the fer- 
ruginous particles which have adhered 
to fall off. Certain earthenware and 
porcelain factories employ this method 
for removing metallic iron from the 
body. 

ELEMENTS FOUND IN CLAY, see 

Clay, chemical analysis of. 

242 — ELEVATOR BOLT. — Elevator 
bolts are the bolts used to fasten 
elevator buckets to an elevator belt. 




In some convey- 
ors also these 
bolts are used to 
fasten the fiights 
to the belt. The 
bolts are shaped 
somewhat like a 
plow bolt, but 
the heads are 
thin, flat and 
round. The diam- 
eter of the head 
is usually about 
four or five times 
the diameter of 
the bolt. This 
prevents the bolt 

gulling thru the 
elt 

M A N U F A C- 
TURERS (see 

catalog sec- 
tion): 

H a d f i e 1 d- 
Penfield Steel 
Co. 

Link-Belt Com- 
pany. 

Stevenson Co. 

Toronto Foun- 
dry & Ma- 
chine Co. 

Weller Mfg. Co. 

248 — ELEVA- 
TOR BOOT. — The 

lower end of an 
elevator must be 
protected so that 
the material 
which it is sup- 
posed to elevate 
reaches the belt 
at only one 
point. To accom- 
plish this the 
lower end of the 
belt, pulley, etc., 
is enclosed in a 
box of cast iron 
or steel. This 
box is called an 

elevator boot. The pulley therein has 
its bearings controlled by long bolts or 
take-ups, so that the elevator belt can 
be kept at the proper tautness at all 
times. These bolts can be regulated 
while the elevator is operating, and 
by tightening one bolt or the other, 
any irregularity or tendency of the 
belt to run to one side can be corrected. 
In some makes the two bolts are con- 
nected by a chain or gearing so that 
turning or tightening one bolt turns 
and tightens the other bolt an 
equal amount. With this arrangement 
the bearings of the pulley in the ele- 
vator boot will always be in line. The 
pulley in an elevator boot is generally 
of the slotted type. 

MANUFACTURERS (see catalog sec- 
tion): 
Bonnot Co. 

Clearfield Machine Shops. 
Freese, E. M. & Co. 
Hadfield-Penfield Steel Co. 
International Clay Machinery Co. 
Link-Belt Company. 
Robinson, Frank H. 
Stevenson Co. 

Toronto Foundry & Machine Co. 
Webster Mfg. Co. 
Weller Mfg. Co. 

ELEVATOR BUCKET, see Bucket, 
elevator. 

243 A — ^ELEVATOR, BUILDING. — In 

many plants and especially in sewer 
pipe, drain tile, terra cotta, refractory 
brick and other plants using two or 
more floors for drying the ware, an 
elevator of some type is used for con- 
veying the ware from the point at 
which produced or manufactured by 
machine to the floor on which dried. 
These are of two general types, one 
which Is used to take ware from an 
upper floor to a lower floor, and the 
other which is used to take ware either 
up or down. The flrst is very seldom 
driven by power and the latter always 
uses power in some form. 

The flrst type often consists of two 
elevators or platforms connected by 
the same cable running over a sheave 
located at a point above the highest 
travel of the elevator. In operating 
this type the load is placed on one of 
the platforms at one of the upper 
levels. A brake operated by a friction 
band is used to lower the loaded plat- 
form. The downward travel of the 
loaded platform pulls the other one 
up so that when the loaded platform 
reaches the lowest point or level and 
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is ready to have the load taken off, 
the etnpty platform is at the higrhest 
level and is ready to be loaded. This 
operation Is then reversed. This type 
is used chiefly to take ware that has 
been dried on an upper floor to the 
kiln. 

In. many cases, however, the ware is 
produced on one of the lower floors 
and must be taken to one of the upper 
floors for dryiner. and later taken down 
agrain to the kiln. In these cases, a 
power elevator is used. The power 
may be derived from two belts driving: 
from a line-shaft, with provision for 
shifting: the belts back and forth and 
thereby move the elevator upwards or 
downwards. 

An electric elevator is one that de- 
rives its power from a motor controlled 
by a switch placed on the elevator. An 
electric elevator operates with less vi- 
bration than most types. One class of 
electric elevators does not require an 
operator and is therefore g:ood for a 
factory if not tampered with. Electric 
buttons outside of the doors and inside 
of the elevator control its entire 
operation. 

A hydraulic elevator is one that has 
a cylinder directly beneath it sunk into 
the earth for the same distance as the 
elevator travels in heig:ht. The ele- 
vator has a piston of the same leng:th 
which fits into this cylinder. The ele- 
vator is raised by pumping: water into 
the cylinder below the piston, thereby 
raising: the piston and consequently 
the elevator. The elevator is lowered 
by allowing: the water in the cylinder 
to escape as the elevator and piston 
descend. 

MANUFACTURERS (see catalog: sec- 
tion): 

Clearfleld Machine Shops. 

Stevenson Co. 

Toronto Foundry & Machine Co. 

244 — ^ESIiBVATOR OPERATION AND 
MAINTBNANCIB. — ^The most common 
causes of repeated elevator shutdowns 
are (1) improper desig:n — which neces- 
sitates rebuilding:. (2) improper spac- 
ingr of the buckets, (3) undersized head 
pulley, (4) too slow or too fast speed, 
(6) incorrectly desig:ned discharg:e 
chute. (6) incorrectly desigrned feeder 
chute. (7) loose belts, and (8) failure 
to clean out the boots. 

Buckets should be spaced on 18-in. 
centers, and for a 9 -ft. dry pan should 
not be less than 6 ins. by 12 ins. in 
size. 

Small head pulleys often cause seri- 
ous trouble. When the head is too 
small, the ascendingr buckets will in- 
variably throw part of their load into 
the air when they strike the pulley 
and start over. This is due to the 
abrupt changre of direction, the dust 
being: thrown upwards by centrifug:al 
force. A larg:e percentasre of the ma- 
terial thus thrown out falls to the boot 
and needs to be rehoisted, thereby at 
times overloading: and choking the 
elevator. 

Standard construction specifies 86- 
in. diameter for the head pulley. 
Larg:e pulleys and belts traveling: at 
the proper speed insure the material 
remaining: in the buckets until the cor- 
rect point of dischargre is reached. 

The proper speed for an elevator of 
standard deslgrn is 325 ft. per minute. 
This speed is taken from the average 
dry shale. It may vary as much as 80 
ft. either way on some materials. 

The discharg:e chute, if too higrh or 
too far away from the buckets, will 
cause some of the material to fall 
down ag:ain into the boot, necessitatingr 

rehoIstingT' 

The feeding: chute is nearly always 
built too low. It should be located so 
that the material will be fed into the 
third bucket from the bottom. This 
allows the overflow to be caug:ht by the 
two buckets below, thus eliminating: 
the necessity of the buckets dig:g:ing: 
their load from the boot (see illustra- 
tion of standard desig:n). 

Making buckets dig their own load 
from an enclosed ooot should be 
avoided — always, since it results in un- 
necessary consumption of power, the 
ripping oft of buckets and torn belts. 

The bucket belt should always be 
kept tight, and should run on a slotted 

f»ulley at the bottom. A slotted pul- 
ey will not allow the clay to "build 
up" on it; therefore, the belt will run 
true in the housing, instead of scrap- 
ing the sides and occasionally stopping 
thru friction. 

"Digging out" the boots twice a day 
will prevent much trouble, particularly 



in wet weather or when using damp 
materials. The dust becomes packed 
very hard under the buckets and the 
friction on them gradually increases 
until they stop. On many plants the 
boot is never thought of until the 
elevator chokes, and then only long 
enough to dig it out until it starts 
again. Thoroly cleaning all boots at 
noon and night will save lots of time 
and temper. 

MANUFACTURERS OF EQUIPMENT 
(see catalog section): 

Link -Belt Company. 

Robinson, Frank H. 
246— BliESVATOR OR BUCKXST CON- 
VBTOR.^ — Bucket conveyors or ele- 
vators are used largely for crushed 
clays. They are commonly formed of 
a series of small vessels, arranged at 
deflnite intervals along an endless belt 
or chain, so that the buckets dip, at 
the mean depth of travel, into the 
material to be carried, and then, filled, 
convey it to the top of the elevator 
where it is automatically dumped by 
the reversed position of the bucket. 
The power for driving is usually ob- 
tained from the main shaft of the 
g:rindlng mill and transmitted by belts 
or gearings. The size and strengrth 
of the belts and chains, the speed of 
the belt and the size of the buckets 
are very important factors, as it is 
imperative that the capacity of the 
conveyor equal or exceed that of the 

S rinding machinery, if choking and 
amaging of the conveyor and loss of 
production are to be avoided. The 
pulley at the lower end of an elevator 
Is usually slotted. 

MANUFACTURERS (see catalog sec- 
tion): 

Clearfield Machine Shops. 

Freese. E. M. & Co. 

Gandy Belting Co. 

Goodyear Tire & Rubber Co. 

Green, L. P. 

Hadfleld-Penfield Steel Co. 

Link-Belt Company. 

Stevenson Co. 

U. S. Rubber Co. 

Toronto Foundry & Machine Co. 

Weller Manufacturing Co. 
246 — BliUTRIATOR^ — ^An apparatus 
used for measuring the different sizes 
of grains found in any sample of 
thoroly disintegrated clay, by wash- 
ing, filtering, and decanting the day, 
usually thru a series of tube-connected 
vessels or Jars — the process being such 
that the largest and heaviest grains 
fall to the Dottom of the first jar. 
the next in size to' the bottom of the 
second Jar. and so on until the finest 
grains are deposited in the bottom of 
the last Jar. The elutriation— or sepa- 
ration — may be accomplished either by 
creating and maintaining a fiow of 
water thru the vessels until the process 
is completed or by the use of a con- 
tinuous air current. (See also Sepa- 
rator, clay, centrifugal.) 

BMBRY 'WHBBli, see Grinding 
wheel. 

ESNAMBIi, see Glaze. 
BNAMBLESD BRICK, see Brick, 
enameled. 

247— ENGINEBR, CLAY PLANTr— An 
engineer for a clay plant is one who 
by reason of his experience is capable 
of advising clay products manufactur- 
ers as to the best method to pursue in 
considering the advisability of locat- 
ing a new plant, or of making addi- 
tions to an established plant. 

A clay products plant to be success- 
ful must be operated so as to produce 
the highest grade of ware with the 
least expense possible. To do this in- 
volves a study of the plant location, the 
many types of machines, dryers and 
kilns and consideration of the market- 
ing conditions of the manufactured 
product. 

ENGINEERS (see catalog sec- 
tion): 
International Clay Machinery Co. 
Rodgers, L. E., Engineering Co. 
ENGINEERS' ANNOUNCEMENTS: 
L. E. Rodgers Engineering Co., 80 
North La Salle Street. Chicago, 
Illinois; established 1904. Engag- 
ing exclusively in the Clay Prod- 
ucts Industry. Foremost De- 
signers and Engineers of com- 
plete clay working plants. Man- 
ufacturers of complote mechan- 
ical equipment for Dryers. 
Rodgers Waste Heat Dryers 
known as the . vw^nt economical 
and successful ^tP^vers in use 
today; used by P'^tnftJor^^y °* 
larger Clay pw \y^e .*r Manufac- 
turers thruout^^U<^^^oUn^'y» *■ 



well as many smaller ones. Sole 
Licensee of the Harrop Contin- 
uous Tunnel Kiln. 

348— BNOINE3. INTBRNAL COMBUS- 
TION. — ^An internal combustion engine 
is one that uses gas. either natural or 
artificial, or some form of oil as the 
source of power. If oil is used It must 
be gasified before or as it enters the 
cylinder. When gas or oil that is 
easily volatilized such as gasoline or 
kerosene is used, the gasified charge 
mixed with the proper amount of adr 
is exploded by means of an eleotrio 
spark in the cylinder and this ex- 
plosion produces a large volume of 
gases, the expansion of which exerted 
against the piston produces power. In 
engines using heavy fuel oil for power, 
such as the Diesel or semi-Diesel, the 
fuel is injected into the combustion 
chamber at the proper time by a me- 
chanically operated pump thru a spray 
nozzle. This gasifies the oil as it 
enters the combustion chamber and 
mixes with the proper amount of pure 
air. supplied by the pump stroke of 
the engine. This mixture coming into 
contact with the hot surfaces and 
being compressed to a pressure which 
varies from 225 to 600 pounds per 
square inch in different makes of 
engines, ignites the charge and pro- 
duces the power. 

The main difTerence between a Diesel 
and a semi-Diesel engine is the fact that 
the latter uses the lower compression 
and the former the higher compression 
which was spoken of above. In addi- 
tion the semi-Diesel has an easier 
method of starting. 

This type of engine is advisable 
where the cost of oil or gas com- 
pares favorably with coal, taking into 
account all labor, handling and storage 
charges. In many locations in remote 
parts of a plant, for locomotives, 
transfer cars, trucks, to drive fans, 
coal unloaders. etc.. the ease of their 
installation and the fact that the in- 
stallation of a steam or water line is 
avoided makes their use advisable even 
tho the cost of the fuel may be a 
little higher than coal. (See also 
Fuel oil.) 

MANUFACTURER (see catalog sec- 
tion): 
Hadfield-Penfield Steel Co. 

ENGINBS OlL» see Lubricating oil and 
grease. 

34»— O NO IN E3, STBAM^r— A steani 
engine is the machine or equipment 
by which steam generated under pres- 
sure in a boiler is used to produce 
power, thru the expansion of that 
steam against a piston. There are 
many different types of engines, all 
distinguished by name; e. g., station- 
ary, portable, vertical, slide-valve, 
Corliss, simple, compound, condensing, 
automatic, etc. Steam engines can be 
used in every part of a clay plant 
where steam is available at fairly high 
pressures. 

MANUFACTURERS (see catalog sec- 
tion): 
Green, L. P. 
Hadfleld-Penfield Steel Co. 

249A— E3XCAVATINO MACHINBRT. 

— ^Under this classification is placed the 
various machines and equipment used 
for digging or excavating any class 
of earth, rock or clay. Some of these 
machines are used for stripping over- 
burden, others for digging or winning 
the clay, and others are suited for 
cutting ditches in the pit or doing 
contract work such as putting In 
sewers or farm drainage systems. (See 
also Shovel, power; Planer, shale; 
Crane; Digging machinery, clay; Ditch- 
ing machine; Excavators, drag-line; 
Gatherer, clay; and Plow.) 

240B — ^BNGOBB. — This term refers to 
a slip placed on pottery to modify the 
color of the body or to obtain decora-^ 
tive effects. The reader is therefore 
referred to Slip glazing. 

2S0— BXCAVATORS, DRAO-LINB.^ — 

Drag-line excavators, as the name lii- 
dicates. are machines for digging or 
winning clay by dragging a scraper 
attached to a cable. In many cases 
where the clay deposit is somewhat 
inaccessible or peculiarly situated a 
drag-line excavator is found very prac- 
tical. A three-drum hoisting engine is 
usually used. Just in front of the 
hoisting engine a large timber frame 
called an A frame is usually erected 
to keep the cables out of the dirt. At 
the extreme opposite part of the work- 
ings or deposft. "dead men," consisting 
of heavy timbers, are anchored to the 
ground to carry the sheaves for the 
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cables. The three cables all run from 
the hoistingr engrlne to the scraper 
which travels between the A frame and 
the "dead men." The scraper is usually 
about 2V^ yards capacity. One cable 
is used to pull the scraper forward 
to the engrine, the second pulls it back- 
ward from the enelne and the third 
cable helps to fill the scraper by ad- 
Justingr the ansrle at which it disrs 
into the material and also dumps the 
scraper after it has been drtigged to 
the extreme end of the trip. Drag- 
line excavators are used to remove 
overburden when the haul from the 
deposit to be uncovered to the "dump" 
Is short. They are also used fre- 
quently for digging the raw clay or 
shale and either hauling: it to the fac- 
tory or dumping: it into cars which 
are later hauled to the plant. When 
the proper conditions exist, a dragr-line 
excavator is Just as economical and 
efficient as a steam shovel or other 
machine. 

MANUFACTURERS (see catalog sec- 
tion): 
Green, L. P. 
Link-Belt Company. 

MANUFACTURERS' ANNOUNCE- 
MENTS: 

Li. p. Green, Chicagro, 111., manu- 
factures an improved type of 
drag: scraper which is operated 
by a two-drum hoisting: engrine. 
The scraper is of the bottomless 
type, and this feature permits it 
to load and unload without any 
assistance except that of the 



operator in changringr the pull 
from one drum to the other. 
This reduction in operating: ex- 
pense added to the feature of the 
larg:e capacities attained and the 
fact that all wearing: parts are 
fitted with easily replaceable 
plates, renders it the ideal 
scraper for clay products plants 
either for discing: the material 
for manufacture or for stripping: 
overburden. When the load line 
is operated at 200 feet and the 
return line at 600 feet per min- 
ute the maximum capacity is 70 
scrapers full per hour for a haul 
of 100 feet. Other distances in 
proportion. The scraper is made 
in sizes from 1/3 to 5 yds. 

2S1— EXPANSION JOINT FOR PIP- 
ING. — tiong lines of pipe are liable to 
develop broken or leaky Joints, if no 
allowance is made for the expansion 
and contraction which is caused by 
the variation in temperature. This is 
especially true of pipe carrying: steam, 
as that kind of a pipe has a larg:e co- 
efficient of expansion. To obviate any 
trouble from this source, safety ex- 
pansion Joints are made a part of 
many pipe lines. A collar which has 
a diameter larger than the pipe over 
which it fits is fastened to the end of 
one lengrth of pipe in place of the usual 
coupling or union. It is long: enoug:h 
to take care of any possible chan8:e in 
the leng:th of the entire line of pipe. 
Packing: similar to that used around a 
piston rod is placed between this col- 



lar and the other piece of pipe, and 
provision is made for keeping this 
packing: snug: and tig:ht. The expan- 
sion which does occur is taken care 
of by the pipe and collar sliding: back 
and forth on the packing. In some 
cases a collar is used that fits over the 
ends of two adjoining lengths of pipe 
and packing is used on each end. Long 
bolts running from one to the other 
of the ends of this collar keep the 
packings tight and snug, while the 
pipe is free to move back and forth as 
it expands and contracts. 

MANUFACTURER (see catalog sec- 
tion): 
U. S. Rubber Co. 

EXPLOSIVES, see Dynamite; Pow- 
der, blasting. 

2S2 — EXPRESSION ROLLS. — These 
machines are used to produce brick 
from clay that is troubled with exces- 
sive lamination when made on an 
auger machine. The clay is fed to the 
rolls in a somewhat unpacked column 
formation and the rolls compress and 
pack it so that it will pass thru a die 
built very much like the die on a regu- 
lar auger machine, but the chief cause 
of lamination namely the difterential 
flow of the clay caused by the auger 
is eliminated and this reduces the 
lamination. 

This machine is used in England 
more than in this country. 

EUTECTIC, see Deformation eutec- 
tic, and Pottery, materials used in 
manufacture. 
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FABRIC BELTING, see Belting, fab- 
ric. 

FAHRENHEIT, see Centigrade. 

25S— >FAIENCB. — Faience is pottery 
of a porous body, either white or col- 
ored, but always covered with a glaze. 
It is the existence of this glaze which 
distinguishes it from ordinary terra 
cotta and the fireproof terra ootta. 
(This definition, while not universally 
accepted, is given by E. Bourry In his 
"A Treatise on the Ceramic Indus- 
tries;" see pp. 866-7, of Searle's trans, 
ed., 1911.) Bourry also classifies 
faiences as follows: 

1. Common faiences, with a fusible 
argillaceous body, in which the fiuxes 
are in a sufficiently large proportion 
to make the body fusible, without any 
of them being In an overwhelming 
proportion. This body is the same as 
that used for many terra cottas. It is 
formed of one or more clays, natural 
or washed, with the sole addition of 
sand, or grog, if necessary. The glaze 
is plumblferous, or alkaline boracic. 
The principal varieties of this kind 
of faience are common pottery, archi- 
tectural faiences, encaustic tiles, 
stoves, vases, dishes and decorative 
objects. 

2. "Enameled" faiences, with a fus- 
ible argillaceous calcareous body, 
which is formed of a natural marl or 
of a mixture of clay with marl or with 
calcium carbonate; the glaze is stan- 
niferous, or plumblferous. (The term 
"enameled" is improper here. Some- 
times the word stanniferous is used, 
and this is worse, as the tin is used 
only to make it opaque, and its pres- 
ence in a glaze gives no indication of 
the composition of the latter. The word 
is therefore used only in default of 
another, and not to break a term- 
inology which has become customary.) 

3. Silicious faiences, with a fusible 
silicious body, containing a little clay, 
much silica, and a good proportion of 
alkaline fluxes or limestone. This very 
slightly plastic bodv is, at the present 
time, composed of silica, with the addi- 
tion of non-ferruginous plastic clay 
and lime, or alkalies of different kinds. 
The glaze is alkaline plumblferous. 

4. Pipe clay faiences, with a slightly 
fusible argillaceous calcareous body, 
formed of a mixture of white fire clay 
and a small proportion of calcium car- 
bonate or marl. The body is decidedly 
plastic and needs a higher temperature 
for burning it than the preceding ones. 
The glaze was formerly alkaline 
plumblferous, but now alkaline earthy 
bases and boracic acid ^^^ often added 
to it. 



6. Flint faiences, with a fireproof 
argillaceous silicious body, formed of 
a mixture of white fire clay and a large 
proportion of silica. The body is some- 
what plastic and must be burned at a 
high temperature. The glaze is plumb- 
lferous, alkaline, alkaflne earthy, or 
boracic. 

6. Feldspathic faiences, with a 
slightly fusible argillaceous alkaline 
body, are usually formed of white re- 
fractory earth (kaolin), silica, and an 
alkaline fiux in the form of feldspar or 
pegmatite. The glaze Is plumblfer- 
ous, alkaline, alkaline earthy, or 
boracic. 

254 — ^FAN. ELECTRIC, OFFICE^ — 

Office fans are of two main types: (1) 
bracket fans, stationary or portable, 
for wall or desk service, and with 
either oscillating or non-oscillating 
fans; and (2) gyratory or ceiling fans, 
which may be attached directly to or 
suspended from the ceiling. Both 
types are furnished for alternating 
current or direct current usage; in 
some cases they may be equipped with 
a universal motor which operates on 
either an a. c. or d. c. circuit. Bracket 
fans are furnished in numerous sizes, 
with fan diameters ranging from nine 
inches upward. Most bracket fans are 
now equipped with a swivel between 
motor base and fan, permitting air 
delivery from any angle desired. Gyra- 
tory or celling fans are also furnished 
in many sizes, from fan diameters of 
18 ins. upwards. All types of office 
fans may be equipped with speed con- 
trol arrangements that give, according 
to design, from two to six different 
speeds. Nickel finished or black enam- 
eled bases, with highly polished brass, 
dull brass, or steel blades, are the 
common finishes. Finish, voltage and 
cycles, style of mounting and size 
should be specified in ordering. 

255 — FAN, HEAVY DUTY. — This class 
Includes all fans used around the plant. 
Some are of the blower or pressure 
type and are used to force air under a 
small pressure, delivering it at or be- 
fore the point of combustion of the fuel 
at the boiler, kiln firebox, blacksmith 
forge or other furnace. This type of 
fan Is generally smaller in diameter, 
the blades have a smaller surface, and 
the fan is operated at a faster speed 
than the suction or plate type. The 
plate type is used mostly at the dryer 
or on the drying floor. In most cases 
one is used to draw air from a cooling 
kiln or thru a series of steam colls, and 
one or more used to remove the moist 
air that has arisen from the drying 



ware. Whenever a system of sheet 
Iron pipes or other conveyor is used 
the warm air of the former type of 
Installation can be delivered to any 
part of the dryer or building, and 
likewise the suction of the latter type 
of installation can be pulled from any 
point. 

The plate type of fan is usually used 
on the hot or kiln end of a dryer. The 
standard wheel has straight or radial 
blades, perpendicular to the axis of 
the shaft. In some makes the blades 
are pitched back as much as 46 deg. 

The disc fan is one that has blades 
which are curved from the shaft to 
the perimeter in such a way that the 
distance occupied on the shaft is very 
small compared to the diameter of the 
fan. In this type of fan the flow of 
air Is not changed at the fan, as is 
done with most types of plate and 
blower fans. The disc fan is the one 
generally used for. ventilation of a 
room or building. 

The efficiency of a fan depends on 
the h. p. required to operate the fan 
and the amount of air delivered at a 
certain pressure. There is a limit of 
speed at which a disc fan can be 
operated and produce good results. A 
peripheral speed of a mile a minute 
has been considered the best. 

In brick yard practice the plate type 
of fan has been stated as 45%. the 
disc fan at 30% and the Slrroco, or 
multi-blade type of blower fan at 60%. 

The limit of speed of the blower 
type is governed by the strength of 
the wheel. As the h. p. varies as the 
cube, of the revolutions, it is cheaper 
to buy a larger blower than to speed 
up a small one beyond a certain point. 
Thfe air pressure produced is In pro- 
portion to the diameter of the wheel 
and the quantity of air delivered is 
in proportion to the width of the wheel. 

Disc fans are used for ventilating 
mines In many cases. Disc fans are 
also used almost exclusively in hu- 
midity dryers. 

MANUFACTURERS (see catalog sec- 
tion): 

Hadfield-Penfield Steel Co. 
International Clay Machinery Co. 
Philadelphia Drying Machinery Co. 
Rodgers. L. E., Engineering Co. 

FASTENERS, BELT, see Belt fasten- 
ers. 

FAT OIL. see Oil. fat. 
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2(MI — FBBDBRS AND MIXBRSt 
CliAY. — Clay feeders are attachments 
to use in connection with any machine 
or equipment where a constant and 
continuous supply of clay is desirable. 
They are found to be most useful In 
feedingr the dry pans and pugr-mills. 
Some types feed by means of a revolv- 
ingr disc, others by means of a screw 
conveyor, still others by means of an 
oscillatingr bed at the bottom of a bin, 
and still others by means of a reclpro- 
catinsT plate or a revolvingr apron. In 
some plants a belt conveyor, runninfir 
beneath a bin, is used with short re- 
movable planks covering the conveyor. 
The feeders for wet pans srenerally 
consist of hoppers containinfir one 
chargre or pan load. 

Clay mixers are the machines that 
are used to make the clay uniform in 
quality. Several types of digging ma- 
chines are built with the idea of cut- 
ting: or digrsins the clay or shale In 
vertical layers, thus insuring: a uni- 
form mixture. Other types of machines 
are built to mix the clay after it has 
been delivered at the plant. These 
usually consist of a screw conveyor 
or of a hopper with horizontal arms 
revolving: around a vertical shaft. 
Swing:ing: arms are hung: from these 
horizontal arms and they drag: in the 
clay and mix it thereby. Some mixers 
are built like a pug:-mill or pulveriser 
with horizontal shafts (See also Poido- 
meters.) 

A belt conveyor Is usually employed 
for feeding: ^a steam press, makingr 
either drain tile or sewer pipe. This 
is a short belt onto which the tem- 
pered clay from a wet pan or other 
preparing: mechanism is dumped. This 
type of feeder must work intermit- 
tently, that Is, it is idle from the time 
the piston of the press starts down 
on its stroke until it is ag:aln at its 
hig:hest point. When the piston is at 
its hig:hest point the belt must operate 
so as to quickly flU the clay cylinder, 
in order to keep the press idle as short 
a time as possible. 

MANUFACTURERS (see catalog: sec- 
tion): 

Clearfield Machine Shops. 

Hadfleld-Penfleld Steel Co. 

International Clay Machinery Co. 

Link-Belt Company. 

Robinson, Frank H. 

Schaffer Eng:lneering: & Equipment 
Co. 

Steele, J. C. & Sons. 

Stevenson Co. 

Toronto Foundry &. Machine Co. 

Weller Manufacturing Co. 

MANUFACTURERS' ANNOUNCE- 
MENTS : 

SchafTer Eng:lneerin^ & Equipment Co. 
Pa. Investig:ate the Poldometer. 
It feeds by weig:ht and its ac- 
curacy is g:uaranteed. 

Stevenson Co., Wellsville, Ohio. 
Mechanical Feeders for charg:ing: 
crushers and dry pans. Wide 
rang:e of sizes and capacities. 
A MEMBER OF THE STEVEN- 
SON LINE — WHAT MORE 
NEED BE ADDED! 

" 287 — FEEL TEST, THE. — This is the 
primary means to which a prospector 
resorts to ascertain the texture and 
plasticity of a clay. It consists simply 
of rubbing: the powdered dry clay be- 
fween the fingers to learn something: 
of Its texture and g:rain. Between the 
teeth, the deg:rees of g:rittiness can be 
detected; this is quite a reliable way 
of distlng:uishlns arenaceous and flne- 
grrained clays. If wet with water, 
clays become soft, and a plastic clay 
'Will bave a soapy or greasy feel when 
rubbed with the fingers. Sandy and 
coarse-textured clays do not exhibit this 
unctlous or oily nature to the touch 
and are less cohesive and less capable 
of belngr molded. A very unctlous clay 
Is said to be "fat;" a sandy, non- 
cohesive clay, "short" or "lean." ^ 

2aS— — KESIiDSFAR. — Feldspar is one of 
the most important ingredients in a 
pottery body, and the one of which it 
is most desired to have a chemical 
analysis. It is a mineral of a number 
of varietiefli, having the general formu- 
la RO Al«Oa 6SiOs, the base RO being 
potash, soda, lime, magnesia, or a 
combination of these. Its color varies 
from white or pale gray to drab and 
lls-ht red, the pink variety being in 
most demand. It is obtained from 
is^neous intrusions of varied irregular 
structure, and the material mined 
must be carefully sorted. 

Orthoclase or potash feldspar is the 
most important variety. Microline, 
albite oliS'oclase, labradprlte, andeslte, 



anothlte and sodallte also occur in 
considerable quantities. Feldspar is 
the constituent which cements the 
body of the ware together at high 
temperatures. From 16 to 25 per cent. 
Is the usual quantity used in pottery 
mixes. It is also used in glazes and 
melts at about 1300 deg. C. 

259— FILTER PRESS. — The type of 
filter press in common use in earthen- 
ware potteries in U. S. has cast-Iron 
chambers of from 72 to 75 leaves or 
chambers each, the rail plates being 
either round or square, according to 
type of construction. The round rail 
plates are about 2^ ins. in diameter; 
the square plates about 24 ins. square. 
Between the Iron plates (or chambers) 
of the filter press, canvas sacks are 
placed, and between these sacks the 
clay is deposited by pressure of the 
slip pump which Is used to handle the 
clay slip between the smooth agitator 
and the filter press. When pressure is 
applied to the plates, the water is 
forced from the clay and is discharged 
thru the canvas, leaving the clay in 
each chamber between the two sacks. 
The iron plates are then pulled apart 
and the cakes of clay, now of about 
the consistency of putty, are removed. 
An average pressure is maintained at 
the pump, so that when the filter press 
becomes well filled the surplus liquid 
clay passes back to the safety valve 
or overflow Into the smooth agitator, 
thus eliminating danger of breaking 
the filter press by too much pressure. 
The standard clay cake coming from 
the filter press is about 1% ins. thick 
and weighs approximately 42 lbs. 
From 72 to 76 of these cakes are de- 
livered at a pressing, and an average 
of three to six pressings are made daily 
in modern plants. 

MANUFACTURERS (see catalog sec- 
tion): 
Bonnot Co. 
Celite Products Co. 
Hadfleld-Penfield Steel Co. 
International Clay Machinery Co. 
Mueller Machine Co., Inc. 
Newark Wire Cloth Co. 

260— FILTER PRESS PUMP. — The 

filter press pump is a special force 
pump used in pottery plants to pump 
the liquid clay slip from a smooth 
agitator to a filter press, the filter 
press being used to squeeze out the 
water and press the clay into cakes of 
uniform size and of about the consist- 
ency of putty. A filter press pump 
must be capable of working against 
great pressure and be equipped with a 
safety valve to allow the overflow from 
the filter press to pass back into a 
special tank. To prevent ramming, a 
3-ft. pipe, closed at one end, is at- 
tached to a T- joint in the supply Pipe 
between the filter pump and filter 
press; this acts as an air cushion 
which absorbs a large portion of the 
excess pressure. Filter pump fltting:s 
require persistent attention, as, due to 
heavy pressure and constant contact 
with clay, they wear rapidly, and un- 
less they are kept in prime condition 
they will waste time and clay by leaking. 

MANUFACTURERS (see catalog sec- 
tion): 
Hadfleld-Penfleld Steel Co. 
International Clay Machinery Co. 
Mueller Machine Co., Inc. 
MANUFACTURERS' ANNOUNCE- 
MENTS : 
Mueller Machine Co., Inc., 21-23-25 
Ward Ave., Trenton, N. J. Does 
not churn air into slip, filters 
better, saves filter cloth, uses 
less horse power. Automatic 
pressure regulator is part of 
pump and is absolutely reliable. 
261— ^FINANCING. — This refers to 
the act of controlling the money mat- 
ters of a plant to such an extent that 
it Is always solvent and able to operate 
at as full capacity as Is possible, de- 
pending on the demand that exists for 
Its output. Of course the better the 
financing the larger the profits will 
accrue. Good financing means ability 
to meet and pay all debts and obliga- 
tions on the date they are due. Good 
financing further requires ability to 
borrow money at the proper time and 
in the proper aYnounts, and a definite 
knowledge of when and how that loan 
will be paid ofT. This is true whether 
the loan is in the form of a bond issue 
or a secured or unsecured note. Dis- 
counting all bills is otie form of good 
financing. 

262— FIRE AliARSi ^-|,o standard 
fire alarms to notify "TT^'^Sre depart- 
ment of the city will >v^ne ^Vonsldered 
here because they ^Oi h® .oUV bur- 
nished by the in^>^^ ^^Hty- ^^'^^ 



alarms for notice to employees, etc., 
are either electric or connected to the 
automatic sprinkler system. The elec- 
tric signals are either bells or an in- 
dustrial slg:nal similar to those used 
on automobiles and trucks. The latter, 
when high powered, can be used at 
night to arouse the workmen who live 
close to the plant. This latter feature 
is valuable when the employees at 
night do not number enough to fight 
the fire successfully. When a room or 
building is crowded with employees 
and the exit is comparatively small 
some kind of a fire signal Is neces- 
sary to warn the employees in proper 
time and without excitement. An 
automatic sprinkler system can serve 
as a signal thru the pressure or flow 
thru the pipes. A sprinkler system 
consists of valves on the outlet end of 
pipes distributed at many points. These 
valves are kept closed by metal caps, 
part of which cap melts at a prede- 
termined temperature, allowing the 
water to flow thru the valve or open- 
ing in order to put out the Are. (See 
also Fire prevention apparatus.) 

268— FIRE BRICK. — These are made 
in a variety of shapes, and also dflfer 
grreatly in density, hardness and tex- 
ture, according to the class of service 
for which they have been made. For 
abrasive resistance they must be very 
hard; to resist corrosion they must be 
dense; to resist high heats and changes 
of temperature, porosity and coarse- 
ness are essential. 

Fire brick are made from one or 
from several grades of clay, to which 
is added in some cases a certain 
amount of g:round fire brick or, more 
rarely, coarse quartz. Some plants use 
a dry pan or disintegrator to prepare 
the material for the pug-mill; others 
use a wet pan to combine the crushing 
and tempering operation. Occasional- 
ly, where soft clays are used, the tem- 
pering Is done in a ring pit. 

Fire brick, altho originally molded 
entirely by hand, are now produced 
largely by either a soft mud or stiff 
mud brick machine, and some manu- 
facturers specialize in dry press brick. 

The method of drying varies with 
different manufacturers (see Drying, 
Dryer), but the burning is done al- 
most entirely in down-draft kilns. It 
is noteworthy that the temperature 
range for burning fire brick in differ- 
ent plants varies from Cone 5 to Cone 
14. It is now generally conceded that 
the refractoriness of a fire brick de- 
pends, first, on the total quantity of 
fiuxes present; second, on the silica 
percentage; third, on the coarseness of 
grain. (See also fire clay In classifica- 
tion of Clay and Refractories.) 

FIRE CLAY, see fire clay under class- 
ification Clay. 

FIRE EXTINGUISHER, see Fire 
prevention apparatus. 

264 — ^FIRE PREVENTION APPARA- 
TUS. — Water, of course, is the com- 
mon method of putting out a fire. In 
some cases, however, water is not 
available, and quick action is neces- 
sary. Under those conditions, a chem- 
ical put up in the proper container is 
essential. Some of these are made to 
be carried by hand and some are load- 
ed on a truck. In addition, however, 
every plant should have adequate 
water supply for fighting a fire. A 
sprinkler system, which Is automatic, 
is very good, and there should be 
hydrants with ample hose supply at 
convenient points. These hydrants 
should be connected with the city 
mains, with a large overhead tank, or 
with an automatic fire pump. (See also 
Fire alarms.) 

MANUFACTURER (see catalog sec- 
tion): 
U. S. Rubber Co. 

265 — FIREPROOFING.— This is the 

term given to those forms of hollow 
ware which are used In the construc- 
tion of floor arches, partitions, and 
wall furring for columns, girders, and 
other purposes In flreproof buildings. 
A number of different shapes and sizes 
of flreproofing are made, the most of 
them being 12 ins. long but varying in 
the other two dimensions. Ordinarily, 
flreprooflng hollow ware may contain 
one or more cross-webs or partitions 
to give it strength and ruggedness. 

(See also several items on Hollow 
block and Die, factors of operation.) 

MANUFACTURERS (see catalog sec- 
tion): 
Celite Products Co. 
Hadfleld-Penfield Steel Co. 
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aeo— FIiAlfNBIilNO. — After earthen- 
ware pieces or china or porcelain have 
been formed from the clay, they are 
allowed to dry thoroly, after which 
each piece is looked over, its edffes and 
surface beingr rubbed smooth with a 

Siece of heavy flannel; this is called 
annellngr. If any of the articles are 
found to be cracked, they are discard- 
ed and the material is usually agrain 
gut thru the slip-making: process. If, 
owever, the clay has been touched by 
fire it is useless for any further pur- 
poses. 

207— FLASHING^ — ^Many bricks used 
for fronts are often darkened on the 
edires by special treatment in tiring, 
caused chiefly by setting them so Ihat 
the surfaces to be flashed are exposed 
to reducing conditions, either at the 
end of the flringr or during: the entire 

f period of burning:. This Is called flash- 
ngr. The color caused by flashing: is 
superflcial and may ranse from a llkht 
g:old to a rich, reddish brown. The 
principle of operation depends on the 
formation of ferrous silicate and fer- 
rous oxide and their subsequent par- 
tial oxidation to the red or ferric form. 
This oxidation probably takes place 
during: the cooling: process; for, if the 
kiln be closed so as to shut ofT the 
supply of oxy8:en, the bricks are found 
to be a li8:ht grayish tint. 

The degree of flashing: is afTected 
(1) by the composition and physical 
condition of the clay, (2) the tempera- 
ture of burninfir, (3) the degree of re- 
duction, and (4) the rate of cooling 
and the amount of air then admitted 
to the kiln. 

268— FI/AT^V'ARB FRBS8ING. — Re- 
fers to the hand process of modeling 
oval meat dishes, pudding dishes, 
comb and brush trays, irregular 
shaped bonbon dishes, etc. The proc- 
ess is just the reverse of hollow ware 
pressing (see Hollow ware pressing, 
processes of), as the inside or upper 
surface of the article is made by the 
mold and the outside by hand pres- 
sure. 

MANUFACTURER OF EQUIPMENT 

(see catalog section): 
Mueller Machine Co., Inc. 

268^— FLINT* — True flint is an amor- 
phous form of silica. 11 is calcined and 
wet ground, and used extensively In 
England in the production of reirao- 
torles. In this country the chief use in 
ceramics is in the manufacture of pot- 
tery. For this purpose ground quartz 
sand from Illinois or sand rock from 
Pennsylvania are commonly used. . Flint 
is used largely In pottery to reduce 
the shrinkage in drying and during the 
firing and gives to the body a certain 
rigidity, opposing deformation due to 
softening. At the same time it permits 
the escape of steam, carbon dioxide, 
and other gases during the previtrifl- 
cation. (See also Silica; Refractories 
and Pottery, materials used in manu- 
facture.) 

FLINT CLAY, see description under 
the flre clay entry in item Clay. 

FliOOR BRICK AND SHAPBS, KILN, 

see Kiln floor brick and shapes. 

270— FLOOR TILBw — This class in- 
cludes tile of a great variety of shapes 
and colors, all used for flooring, and 
all possessing:, therefore, sufficient 
hardness to withstand abrasive action, 
sufficient transverse strengrth to resist 
knocks, and sufficient density to pre- 
vent excessive absorption of water. As 
a rule white tiles have little. If any, 
absorptive power; but, among the 
other colors, it has been shown that 
some will absorb one per cent, to five 
per cent, of moisture, and probably 
more. 

It is of the utmost Importance in 
selecting the raw materials for floor 
tile that the nature of the clays be 
such that they will not form surface 
cracks after being air-pressed; the 
clay should also be free from any ten- 
dency to warp or split In burning. 
Where the mixtures for facing and 
backing are different, it is imperative 
that they be properly adjusted. The 
clays should likewise be as free from 
soluble salts as those used in the man- 
ufacture of pressed brick or terra 
cotta, altho as Langenbeck pointed 
out (see (^emlstry of Pottery, p. 165), 
soluble lime salts may result from the 
coloring materials used. Consequently, 
the manganese and umber used for 
chocolates, brown and black are rarely 
free from gypsum. Purdy has sug- 
gested (see Trans. Amer. Cer. Soc, 
vti p. 96. 1905) that floor tiles be 
separated into two main classes, each 



of which is further subdivided as fol- 
lows: 

1. Face tile: Class A is vitreous and 
white colored; Class B is porous, with 
clay colors. Both classes conunonly 
have a prepared facing body on a com- 
mon clay backinjr. 

2. TessersB: Class A Is vitreous, 
white colored; Class B is encaustic, 
with clay colors. Both classes have solid 
bodies formed into geometric shapes. 

White floor tile are commonly made 
of a mixture of white burning clays, 
flint and feldspar. Bufl-colored tiles 
and artiflcial ones are derived from 
flre clays, while red tiles are frequent- 
ly madiB from a red burning clay or 
shale. A certain percentage of flint 
and feldspar is usually added to the 
clay to regulate the shrinking or de- 
grree of vltriflcation in burning. 

Floor tiles are molded in handpower 
machines by the dry process, the raw 
materials nrst having been thoroly 
ground and carefully mixed. In burn- 
ing, the tiles are placed in saggers 
and burned in down-draft kilns. 

Face tiles include the- plain or Al- 
hambra 6-by-6 tile strips of various 
sizes, such as the 6-by-3 and 6-by-iyfc 
used as body tile; they are generally 
made with a prepared facing body 
backed by a common body, the latter 
being ground to a 16-mesn powder In 
a dry pan. In making plain floor tiles, 
the die is flrst covered to the required 
thickness with the facing body and 
the remaining space fllled in with the 
backins: clay, after which the pressure 
is applied. For making inlaid face 
tile, a brass cell frame of the same 
depth as the facing body is used; it 
consists of a framework of brass 
strips which are arranged to form the 
outline of the colors in the pattern. 
The framework having been placed 
in the mold, the colored clays are 
sifted into their respective positions; 
this, of course, necessitates using as 
many sieves as there are colors in 
the design. The cell frame is then 
lifted out and the die is fllled with a 
clay backing, preparatory to applying 
the pressure. 

In the manufacture of tesserse the 
body is solid; that is, made entirely 
from one body mixture. The vitreous 
tesserae are porcelains, of such com- 
positions as to promote the grreatest 
toughness or resistance to wear under 
feet that it is possible to obtain with 
the texture of the body and the bril- 
liancy of colors demanded by the trade. 
Encaustic tesserae tiles employ buft or 
red burning clay for their base. Be- 
cause of the iron content in these clays, 
mainly present as free oxide, it is im- 
possible to burn these tiles to vltriflca- 
tion without destroying the color. 

MANUFACTURERS OF EQUIPMENT 

(see catalog section) : 
Hadfield-Penfield Steel Co. 
Mueller Machine Co., Inc. 

271 — FLOIVBR POT MACHINBRYd — 

Flower pot machinery, or the machine 
which flnally forms the pot, generally 
is similar to a drill press in appear- 
ance. There Is an upright casting 
which looks like a pillar. Onto this 
casting is fastened the outside mold 
for the flower pot in much the same 
place as the swinging plate or bed of 
the drill press Is fastened. The core 
or inside part of the mold Is placed 
on the end of a continuous revolving 
shaft in very nearly the same place as 
the drill in a drill press. Similarly, 
the shaft holding the core slides ver- 
tically in its bearings under control 
of the operator. The clay Is prepared 
under different processes depending on 
Its quality and nature, and then run 
thru a small auger machine which 
produces a column that can be cut off 
In the required lengths so as Just to 
All the flower pot mold. A special oil 
is mixed with the clay during the 
preparation. 

MANUFACTURERS (see catalog sec- 
tion): 

Balrd Machine & Mfg. Co. 

Hadfleld-Penfleld Co. 

International Clay Machinery Co. 

FLOWER POT PRESSING, see Jlg- 
gerlng and jollying. 

FLUE CLEANER, see Cleaner, boiler 
tube and flue, mechanical. 

272— FLUE GAS ANALYSIS APPA- 
RATUS. — Complete and even economical 
combustion requires that the utmost 
economy be attained in the kilns and 
boilers of every clay products plant. 
We speak of economical combustion as 
different from complete combustion be- 
cause complete combustion can be 
achieved at times only at g:reater ex- 
pense than the possible saving it can 



show. All fuel, however, should be 
burned to develop all the heat unita 
possible, and a flue gas analysis ap- 
paratus is an instrument or device that 
shows what results are being attained 
along that line and what room there 
is for improvement. The instrument 
takes a sample of the gas in a boiler 
breeching or kiln flue thru a rubber 
tube. This gas is pumped thru certain 
chemicals contained in glass tubes, 
each one of which absorbs one com- 
ponent of the flue gas. The most im- 
portant are Carbon dioxide (COa) and 
Carbon monoxide (CO), and the rela- 
tion or proportion of these two grases 
indicates the efficiency being shown in 
the fuel combustion. A small propor- 
tion of the former shows too small a 
supply of air. and vice versa with too 
large a supply. Full instructions ac- 
company every instrument. 

273— FLUORSPAR.— The fluoride of 
calcium (CaFla), which is used as a 
flux by potters. It decomposes at a 
red heat the lime combining with the 
other elements of the glaze. (See also 
Calcium Fluoride.) 



274— FLUX, — A flux is a eutectlo 
mixture in a clay body which becomes 
liquid and takes the other substances 

g resent . into solution when a certain 
igh temperature has been reached. 
The popular conception of a flux la 
that of a solid substance which, when 
blended with a more refractory solid, 
will cause a lowering of the melting 
point of the latter substance, or, in 
other words, that will increase th« 
ease of fusion of the other substance. 
Sodium carbonate when blended with 
clay makes possible the liquefaction 
of the clay. 

Substances used in porcelains to pro- 
duce vltriflcation are feldspar, cornish 
stone, calcium fluoride, calcium carbon- 
ate, magniesium carbonate, cryolite, cal- 
cium phosphate, glass, frit, zinc oxide, 
lead oxide, talc, etc. 

27S— FOOTWEAR. — Footwear is an 
important item for every employe 
around a clay products plant, as prac- 
tically all of the laborer's work la 
done while he stands on his feet. In 
mine and pit work it is often neces- 
sary to use either rubber or felt 
boots. Either will keep the feet dry, 
and the latter will keep them warm 
also. In the plant it is often necessary 
to stand on concrete, or what is worse 
on a hot floor, and in the kiln yard a 
man's footwear must be able to with- 
stand water, snow, heat, cold, cinders, 
etc. The high price of leather has re- 
duced the quality of sole leather, so 
that the composition material which 
has been put on the market as a sub- 
stitute can be bought at the same price 
and it will last longer. Rubber is a 
constituent of all of these composi- 
tions, and that is why they are better 
suited for very severe service, of every 
nature. Their use is growing contin- 
ually. See Hand leathers. 

27a-»FORGED DRAFT . — Forced 
draft is the term used to denote the 
use of air under pressure at or before 
the point of combustion of the fuel. 
The pressure usually amounts to only 
a few ounces. A pressure fan or blow- 
er is used in most cases. This system 
is the foundation of several improved 
types of kilns and flreboxes. It is 
very efficient also in power plants 
where the fuel is of low grade, the 
draft is poor, or the boilers must be 
overloaded. (See also Fan, heavy duty. 
Blowers, Kiln flre box and both entries 
under Stoker.) 

277 — FORGE. — ^A forge is a furnace 
in which metal is heated. Blacksmith- 
Ing coal is commonly used altho gas 
and oil are employed in some cases. 
Air is supplied under a slight pressure 
to concentrate the heat at one point. 
The stationary forge is built of brick 
with a chimney. Portable forges are 
often used for repair work around a 
plant. These consist of a hearth for 
tfie fuel and a blower operated by hand 
all mounted on a portable frame. Nat- 
urally the portable forge is limited 
in the size of the work that it can do» 
but it is a necessity for babbittingr 
bearings In the plant, and is suitable 
for sharpening and tempering tools, 
heating rivets, welding and forging of 
small pieces, etc. The oil-flred for8:ea 
are made for continuous use at one 
class of work like heating rivets, mak- 
ing small tools, etc., and do not flnd 
much use in clay plant operation. They 
are usually built with a steel shell and 
a flre brick lining. 

278— FOUNDATIONS.— -The QuesUon 
of foundations is too exhaustive to 
permit of full discussion here, but it 
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is too important to permit of only 
passiner notice. Under Kilns, continu- 
ous, desiern and construction of founda- 
tions, we have erone into the matter 
very fully and the reader is referred to 
that item concerninflr any kiln founda- 
tions as the principles involved are 
the same in every case. Poor founda- 
tions are the cause of much loss and 
trouble in kiln operations. It is more 
common than it ousrht to be, to find a 
down -draft kiln constructed with srood 
foundations under the walls and really 
no foundation under the floor, as if 
the construction of the flues 'and floor 
constituted all of the weig-ht that that 
part of the grround had to hold. A 
srood foundation under the floor is Just 
as necessary as it is under the walls 
or under any buildingr. The largre 
number of broken brick or cracked or 
warped ware that is found in many 
kilns can be traced directly to the set- 
tling- and warpage of the bottom of a 
kiln, which could be prevented by a 
good foundation. The shrinkage of 
the ground upholding the floor due to 
the neat that is carried down also 
causes settling of the floor and for this 
reason a kiln foundation should never 
be built on slopiner erround. The cal- 
cining of the higher grround will cause 
uneven settling of the floor of the kiln. 
Kidder's Architects' and ' Builders' 
Pocket-Book has very exhaustive dis- 
courses on the subject of foundations 
showing practically every phase of the 
subject and the reader would do w^ll 
to read that part when contemplating' 
any construction work. In that vol- 
ume the testing of the grround beneath 
the contemplated structure is advocat- 
ed, and this is especially timely for 
clay products plants because many 
buildings and kilns are put up on 
ground that has been made by the 
accumulation of refuse cinders, etc. A 
six-inch auger should be used and the 
borings run down six feet below the 
depth to which it is intended to place 
the foundation. The bottom of any 
foundation must be below frost line 
if serious trouble is to be avoided. 
Moreover, in building a stack the load 
to be placed on the ground per square 
foot should be less than for a kiln or 
building. This is because of the fact 
that the height of the stack in pro- 
portion to the area of the base is so 
much larger than it is in the case of 
buildings. Any uneven settling of the 
foundation in the case of the stack 
will result in throwing: the stack out 
of plumb if it does no worse, and often 
will cause the cracks that are found 
in so many stacks running around the 
stack and also up and down. On ac- 
count of the expansion of the inner 
lining and also on account of the fact 
that so many stacks work on the in- 
termittent principle, that is. they heat 
up and cool off at every burn of the 
kiln, stacks are subject to forces and 
causes that do not. have any bearing 
on ordinary buildings. The reader will 
find a table in the statistical section 
that will show the allowable loads for 
various types of soil. In the case of 
kilns and stacks it would be advisable 
to allow less than that amount. Sat- 
isfactory kiln foundations have been 
built by putting in a good foundation 
of concrete and at times placing old 
iron, rails or pipe in the concrete and 
covering the concrete with from 18 to 
36 inches of brick work placing good 
Are brick on the ijpper courses. If 
this foundation extends to include both 
walls and the inside of the kiln the 
repairs that will be found necessary 
will more than pay for the cost of the 
concrete. (See also Concrete.) 

279— FREEZING TEST. — Clay prod- 
ucts should resist the action of freez- 
Ingr. A method of testing their resist- 
ance to this action is to saturate a 
specimen of ware in cold water and 
place it in a refrigerator so that all 
sides of the ware are exposed to the 
cold air for about three hours or until 
completely frozen, and then removed 
and placed in water having a tempera- 
ture of 100 deg. C. (212 deg. F.). After 
being allowed to remain in this water 
for several minutes, the ware is again 
removed and refrosen as before. This 
process may be repeated up to 20 times, 
depending upon the exhaustive nature 
of the test. (>foservations are made as to 
cracks formed, etc., and the piece is 
then dried at 110 degr. C. (230 degr. P.), 
and the crushing and transverse 
strength tests made. These pieces are 
then compared with pieces that have 
not been frozen and the loss in trans- 
verse or crushing strength calculated. 

FRICTION CliUTCH, see Clutch. 



FRICTION COUPLINGS, see Coup- 
ling, shaft. 

28»— FRICTION, TRANSMITTING 
POWER BT.r-.Powe^ is transmitted by 
friction by keeping two surfaces In eon- 
tact, one beingr the driving surface and 
the other the driven. These surfaces 
are usually cylindrical or beveled and 
grreatly resemble grears and pulleys — 
they are in fact gears without teeth. 
A pressure is exerted thru a spring: 
or by other means which keeps the 
two surfaces in contact and makes 
them act in conjunction Just as If 
they were equipped with an infinitesi- 
mal number of teeth. Friction 
transmission is especially suited 
where it is desired to obviate noise, 
and proves more satisfactory for 
lighter drives than for the heavier 
drives. The contact surfaces are 
made of any pliable substance which 
withstands wear. 

MANUFACTURERS OP EQUIPMENT 
(see catalog section): 

Caldwell Co.. W. E. 

Hadfleld-Penfleld Steel Co. 

Link -Belt Company. 

281»FRIT« — A semi -fused composi- 
tion usually formed of silica, borax, 
lime, soda ash. etc., that is used as a 
basis for glazes. These compounds 
are first mixed and then fused Into 
a molten liquid which is permitted to 
run into a water bath and thus cooled 
and cracked so as to permit easy 
grinding. The object Is to produce 
insoluble silicates from the otherwise 
soluble compounds such as borax, 
soda, etc. (See also Glazing materials, 
how to prepare.) 

282— FRIT BRICK.— A lump of cal- 
cined glass materials, brought to a 
pasty condition in a reverberatory 
furnace, preliminary to briniringr 
about perfect vitrification In a melt- 
ing pot. 

283. — FRIT KILN.— Used in the prep- 
aration of frit for glazes. (See Glaz- 
ing materials, how to prepare and 
Kiln, frit.) 

284 — ^F ROGS, RAILS AND 
S'WITCHES. — Modern clay plants are. 
In increasing numbers, adopting light 
track rail systems for carrying: clay 
from pit to plant and for practically 
all other types of hauling between 
fixed points of transportation. To 
meet the widely varying demands for 
all classes of hauling, rail manufac- 
turers are now supplying llgrht rails 
that range in weight from 9 lbs. per 
yard to 46 lbs. per yard or more. The 
type of Installation also varies grreat- 
ly. In some, especially for outdoor 
systems, wood ties are still used ji 
others, wood ties are replaced jy 
cast-iron plates to which the rails 
are attached by means of bolts, clips, 
angle plates, etc. For indoor service, 
some manufacturers are now supply- ' 
ing solid cast-iron floor plates in 
which the rails form an integrral part 
of the casting. In selecting the type 
of equipment, the size of the rails, 
gage of track, etc.. should be prede- 
termined by a careful estimate of the 
maximum load to be carried, the 
amount of hauling to be done, num- 
ber of cars to be used, etc. Frogs, 
rails, permanent or portable tracks 
built in sections, crossingrs, turn- 
tables, and rolling stock may. as a 
rule, now be secured from the same 
source of manufacture. 

MANUFACTURERS (see catalog sec- 
tion): 

Easton Car & Construction Co. 

International Clay Machinery Co. 

Steele, J. C. & Sons. 

Toronto Foundry & Machine Co. 
285— FUEL OIL. — A product of pe- 
troleum or mineral oil. It Is unreflned 
as one of the important items in its 
use is its low cost and economy, in 
order to compete with coal and wood. 
It is the oil as it comes out of the 
ground with a few of the more volatile 
compounds like gasoline and kerosene 
removed. In use it is fed thru special 
burners that employ air or steam to 
volatilize it as a spray. It is used 
extensively in certain sections where 
the cost is in its favor for firing boil- 
ers and kilns. One item that increases 
its use is the saving in labor as the 
cost of shoveling coal and ashes is 
eliminated, and one man can care for 
more kilns than under a coal fired sys- 
tem. (See also Oil burner.) It is 
claimed that one man burning with 
oil can do the same work as 3H men 
burning with coal. (See also Fuels, 
comparison of. in statistical section.) 

FUEL OIL ENGINE, see Engine, in- 
ternal combustion. ^^ ^ ^ 

St 



280— FUELS, COMPARISON OF, see 

statistical section. 

287 — ^FULLERS* EARTH#— A peculiar 
kind of porous day, gray to dark grreen 
in color, with a higrn absorbent power 
for many substances; due to this 

Sroperty, It Is used extensively for 
Itering and decoloringr oils and other 
liquids. A quantitative chemical 
analysis indicates that fullers' earth 
differs chiefly from ordinary day In 
its relatively higrher percentagre of 
combined water; but a chemical anal- 
ysis has little value, since a practical 
test Is invariably necessary to prove 
its value. The mineralogrical composi- 
tion of fullers' earth has not definitely 
been proven, nor has the cause of its 
bleachingr power been fully explained. 

288— FURNACE INSUL A T I O N^— A 

furnace is meant to Include any place 
where fuel is consumed. This refers 
especially to boiler, dryer and kiln fire 
boxes or a clay products plant* and 
since the consumption of fuel always 
causes heat, insulation of the furnace 
or fire box will save heat and thereby 
reduce the consumption of fuel. This 
Insulation can be secured by usingr any 
material that resists the passagre or 
radiation of heat, such as cork, magr- 
nesia, asbestos, felt, etc. Kieselguhr 
is also a very good insulatlngr material 
and can be molded into bricks. Some 
insulating materials are made into 
various forms or into bricks and sold 
under special trade names. (See also 
Brick insulating; Cement insulatlngr; 
Insulating materials; Boiler insula- 
tion; Heat insulation; Kiln Insulation; 
Insulation, dryer; Cement, higrh tem- 
perature.) 

MANUFACTURER (see catalog sec- 
tion): 

American Dressier Tunnel Kilns, InQ. 

Celite Products Co. 
FURNACE, TEST, see Test furnace. 

FUSE, BLASTING, see Dynamite and 
Powder, blasting. 

28»— FUSE AND FUSE PLUG, 
SIVITCH. — In all electrical installa- 
tions there is danger of the line being: 
overloaded at some time or other. This 
overloading may do very serious dam- 
ap^e to motors, generators, lights or 
alternators if no provision is made to 
protect them. In every grood installa- 
tion, however, they are protected by 
fuses, which are nothing but short 
parts of the current that will not 
carry as great a load as the machines 
or lights will carry, in fact they are 
the weakest parts of the current. 
When the line becomes overloaded to 
the full carrying: ability of the fuses 
the resistance oftered by the fuses 
heats them to such an extent that they 
melt, thereby breaking the line of 
current and protecting the machines 
and lights from damage. As the cost 
of replacing these fuses is very small 
a large saving is made over what 
would be the cost of repairing one of 
the machines or lights. Most fuses 
are enclosed in metal or fiber to re- 
move any danger of fire resulting from 
the overheating and burningr out of a 
fuse, and many are made to screw into 
a socket the same as a lamp, so that 
they are changed quicker and more 
easily 

290-1-FUSIBILITY.— A substance is 
fusible when it may be made to change 
from the solid to the liquid state by 
subjecting it to a certain set of con- 
ditions. The process of passing from 
solid to liquid form is termed fusion. 

All clays fuse at one temperature or 
another, the temperature of fusion 
varying according to (1) the amount 
of fluxes the clay mass contains; (2) 
the size of grrain of the refractory and 
non-refractory particles; (8) the hom- 
ogeneity of the clay mass; (4) the con- 
dftion of the fire, whether oxidizing or 
reducing; and (6) the form of chemical 
combination of the elements contained 
in the clay. 

2f»0A — FUSION.— This term indicates 
the point at which clay changes from 
the solid to the liquid state, but 
complete liquefaction takes place so 
gradually with most clays that a 
fusion-range and not a fusion-point is 
obtained. 

Fusion may commence at a tempera- 
ture of only 900 deg. C, but may be 
incomplete after the temperature has 
reached 1,900 deg. C, altho the amount 
of fused substance has increased all 
of the time. 

Refractories are those clay products, 
classed as fire clays that resist com- 
plete fusion when heated alone, and 
withstand a high heat without showing: 
any surface fusion. 
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GAGB, DRAFT, see Draft firasre and 
meter. 

291— «AGB, PRBSSURB. — A pressure 
grag-e Is an instrument for indicating* 
the amount of pressure which exists 
in a boiler* pump, pipe, or other con- 
tainer of a gas or liquid. It consists 
essentially of a graduated dial and a 
pointer or hand.. This pointer is con- 
trolled by a spring connected to a 
plunger. The plunger works in a 
small pipe which is connected to the 
container whose pressure is to be in- 
dicated. As the pressure changes the 
plunger moves back and forth and 
causes a corresponding change in the 
location of the pointer or hand on the 
face of the dial. 

MANUFACTURERS (see catalog sec- 
tion): 
Brown Instrument Co. 
Hadfield-Penfleld Steel Co. 

292 — GAGB, PRBSSURB RBCORD- 
ING. — Pressure recording gages are 
especially suited for attachment to the 
steam line. The record is made on a 
circular sheet of paper which can be 
renewed daily. The paper makes a 
record of the entire 24 hours, but it is 
especially valuable in keeping track 
of the night shift. 

MANUFACTURER (see catalog sec- 
tion): 
Brown Instrument Co. 

292 — GALVANIZBD IRON^— This term 
generally is meant to indicate the gal- 
vanized sheet iron that is generally 
used for the outside and roof of a 
building. In the large majority of 
cases it is corrugated. It makes a very 
good roof or covering for the outside 
of a building but is better suited to a 
storage shed unless there is a wall of 
some kind to keep the buildlner warm 
in the winter. On account of the mois- 
ture that is contained in clay and the 
machines, a heavy frost or freeze 
which could get thru an outside wall 
or roof of sheet Iron would do untold 
damage, unless some means of heating 
the building is provided. Even then the 
money spent for the additional heat 
would go a long way towards payiner 
for a thicker wall. Galvanized cor- 
rugated iron makes a splendid cover, 
wall and roof for a storage shed. Or- 
dinary iron is affected by the weather 
and moisture and in order to over- 
come this tendency the iron is gal- 
vanized, that is, a coating of zinc is 
placed on the surface. Zinc does not 
oxidize like iron. 

294— -GANISTBR. — The term was first 
employed to designate a close grained, 
dark colored sandstone found in car- 
boniferous composition "tiear Sheffield, 
Eng., and composed approximately of 
83% quarts, 13% clay, and 4% mois- 
ture. It is now applied to any similar 
rock consisting chiefly of quartz, yet 
containing sufficient clay material to 
act as a bond and not enough fluxing 
ingredients to lower its refractoriness. 
Ganister is also the term eriven to the 
rock that is used in the manufacture 
of silica brick. (See also Silica brick.) 

GARlfBT, see Hornblende. 

29S — GAS BVRNBR Gas burners 

are attachments for mixing the proper 
amount of air and gas to produce per- 
fect combustion. In clay products 
manufacture we are concerned only 
with natural and producer gas, and 
will not therefore consider a burner 
for artiflcial gas. The more efficient 
burner for natural gas is a casting 
thru which the gas flows by means of 
a pipe. At the end where it burns 
there is a large flaring cap or casting 
haviner holes thru which air is pulled 
for the combustion on account of the 
vacuum which the gas creates due to 
its pressure or flow. This is not very 
efficient where the pressure is so low 
that it will not pull in the proper 
amount of air. Where the pressure is 
low a burner which will supply air 
at a low pressure should be used, and 
is usually built like an oil burner. The 
air enters in a pipe surroundiner the 
eras pipe and thereby mixes thoroly 
with the gas. For producer gas the 
burners generally consist of brick 
work with the air supply admitted also 
thru brick work at the ^oint where it 
is desired for the combustion to take 
place. In a few cases where it Is not 
desired to have a high heat like in a 



dryer, the burner often consists of a 
casting and the air is admitted near 
the face of the burner. (See also Kiln, 
continuous, operation of gas-flred.) 

MANUFACTURER (see catalog sec- 
tion): 
International Clay Machinery Co. 

296— -GASKBT. — A gasket is a flat 
packiner which fits between two flat 
metallic surfaces, and is designed to 
prevent the escape of steam, gas or 
any liquid from pipe Joints, valves, 
pistons, etc. For special conditions, 
gaskets are made to order to insure 
proper flt and to prevent waste; for 
rough usage, they are cut from sheets 
of such material as canvas woven with 
asbestos, sheet metal, sheet rubber, as- 
bestos with wire interwoven in it, etc 
Each of these materials is particularly 
suited to certain conditions. Gaskets 
are used on the hand holes and man 
holes of any boiler, on pipe unions, pipe 
couplings, steam chests and water 
chests of pumps, steam chests of en- 
gines, on the connections between 
castings of internal combustion en- 

frines. etc. (See also Asbestos; Pack- 
ng, sheet; Rubber goods.) 

MANUFACTURERS (see catalog sec- 
tion): 
Goodyear Tire & Rubber Co. 
U. S. Rubber Co. 

GASOIilNB LOCOMOTIVBS, see Lo- 
comotive, gasoline, industrial. 

297— GAS PRODtJCBR. — A gas pro- 
ducer like a retort is an appliance for 
extractlner all of the gases out of coal. 
In a producer, however, the heat is 
generated by the solid residue of the 
coal that is left after the gases are ex- 
tracted. In a retort the neat for the 
extraction is supplied from another 
source. Only enough air is admitted 
to make perfect combustion for the 
incandescent bed of coke at the lower 
part of the gas producer. The heat 
from this combustion frees all of the 
gases from the bed of fresh coal on 
top. These gases are gathered in 
flues, sometimes reflned. and burnt at 
some other point. When these erases 
leave the coal the residue is coke, and 
this coke falls into the lower part of 
the producer to replace what has been 
consumed, whenever the ashes result- 
ing from the combustion are removed. 
Thus the process is continuous, feed- 
ing coal at the top, keeping the fire 
open, and taking the ashes out at the 
bottom. 

The gases which are extracted as 
described above are led thru flues to 
some other point where they are mixed 
with the necessary air and burned 
with the production of great heat. In 
clay products manufacture producer 
gas is used principally in boilers or 
in kilns. In burning kilns it can be 
used for either intermittent or con- 
tinuous kilns. In mixing air with 
producer gas to insure perfect com- 
bustion and highest efficiency the air 
should be hot if possible. That is 
one reason gas*firea continuous kilns 
have been so successful. A steam Jet 
is usually fed beneath the bed of coke 
to Insure combustion and produce suf- 
ficient draft. 

A gas producer is usually about 12 
ft. square or 12 ft. In diameter and 
about 18 ft. in total height. A pro- 
ducer may be built entirely of brick 
or consist of a steel shell lined with 
flre brick. (See also Kiln, continuous, 
operation of gas-flred; Kiln flre boxes: 
Boiler; and Kiln, continuous, design 
and construction, of kiln roof and pro- 
ducer house.) 

MANUFACTURER (see catalog sec- 
tion): 
International Clay Machinery Co. 

MANUFACTURERS' ANNOUNCE- 
MENTS : 

International Clay Machinery Com- 
pany, Dayton, Ohio, will gladly 
furnish Bulletin 126 giving de- 
tails as to uses of producer gas. 
Their gas producers have been 
designed entirely for the clay 
industry and they undoubtedly 
have furnished more gas pro- 
ducing equipment to this indus- 
try than any other one concern. 

GAS PRODUCBR, OPERATION OF, 

see Kiln, continuous, operation of gas- 
flred. 
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298— GAS RBTORT* — The body for 
gas retorts consists of about 30 parts 
clay and 70 parts grog, the whole be- 
ing tempered in a wet pan to a stiff 
mass. The mixture is then molded by 
hand ramming into the shape desired 
which is often of a cross section which 
is half flat and half oval. This cross 
section extends for ten or twelve feet. 
In the older types the entire length 
was molded in one piece but lately sec- 
tional retorts have been manufactured 
which are made in lengths of approxi- 
mately two feet. These sectional re- 
torts are made of flre clay or of the 
same mixture as silica brick. In burn- 
ing they are set on end. The pieces 
are dried slowly, from two to three 
weeks being the usual time required. 
The retorts are burned to about the 
same temperature as other refractories. 

GATB, see Valve or gate, storage 
system. 

299.^— GATHBRBR AND HARVBSTBB, 
CIiAY« — Clay gatherers are attach- 
ments mounted on wheels which are 
used to gather or scrape the thin layer 
of weathered clay from the top of a 
deposit. Naturally, a large acreage Is 
necessary, and they are used only by 
plants which manufacture ware from 
surface clay. The older type are simi- 
lar to the large two wheeled scrapers 
used on ordinary earth moving Jobs. 
The newer type have a large drum 
mounted between the two wheels and 
as the gatherer is pulled forward 
scrapers cut a thin layer off the sur- 
face, hoist and dump it into the drum. 
Horses or mules were formerly used for 
pulling the gatherer, but lately trac- 
tors have been substituted with much 
success and economy. If the plant 
using this method of gathering clay 
wishes to operate during the winter, 
they gather enough clay during the 
summer and put it into a storage shed. 

800 — GBAR DRBSSING^— All sears 

wear more or less, depending on the 
amount of power transmitted thru 
them. This wear Is sometimes exerted 
on one gear more than the other by 
making the first of softer materiaL 
Where both gears are made of the 
same material and even when one is 
made of a softer material, it is advis- 
able to use a gear dressing which Is 
some plastic and pliable composition 
to form a coating on the teeth of the 
gear. This dressing takes up most of 
the wear due to tne friction of the 
teeth. Hard oil. or grease is used at 
times but it Is not good around a clay 
products plant on account of the larg'e 
amount of dirt and dust which it can 
pick up. Dirt and dust packed in a 
greasy dressing will wear out a sear 
more than no dressing at all. Many 
good dressings are prepared which cost 
very little when the longer life of the 

f rears is considered. Good belt dress- 
ng Is made of several consistencies, 
because a high speed gear should have 
dressing that is a little thicker than a 
low speed gear, as the centrifugal 
force will throw away a thin dressiner* 

801 — GBAR, CAST-IRON, 8TBEU 
IVOOD. — A gear wheel is a wheel that 
has teeth on its outer rim or circum- 
ference. These teeth mesh with cor- 
responding teeth on another gear 
wheel and power is transmitted from 
one wheel to the other, by means of 
these intermeshed teeth. In some cases 
the entire gear, 1. e., the wheel and the 
teeth are cast of one piece of cast 
iron. In other cases the same thing la 
made of cast steel, or even of man- 
ganese steel, depending on the amount 
of wear encountered. Many gear 
wheels, however, are made of two or 
more pieces. Sometimes the teeth and 
a small portion of the balance of the 
wheel are cast together in one piece 
and bolted onto the main part of the 
wheel. In other cases the outer rim 
or circumference is provided with 
dove-tailed grooves, one for each tooth. 
Into which small casting's are fitted. 
This same procedure is followed when 
It is desired to have wooden teeth in- 
stead of metal ones. It is very hard 
to have two metal gears runnlner in 
mesh without considerable noise re- 
sulting therefrom. It is erood prac- 
tice, therefore, whenever the drive is 
not so great as to cause large wear on 
the teeth, to use a set of wooden teeth 
meshed with a set of iron teeth. There 
is no noise from this combination. 
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In many cases It is advisable to have 
a gear made Into halves and fastened 
together by bolts. Tbia construction 
makes the renewal of a gear easier. 
(See also Qear. rawhide.) 

MANUFACTURERS (see catalog sec- 
tion): 

Caldwell Co., W. E. 

Freese, B. M. & Co. 

Link-Belt Company. 

Toronto Foundry & Machine Co. 

Webster Mfg. Co. 

Welter Manufacturing Co. 
GEAR GUBASB, see Lubricating oil 
and greBae. 

30K— OBAR. RA^VHIDB.— 'These are 
used especially for high speeds, where 
It Is desired to reduce the noise that 
usually accompanies the operation and 
meshing of two steel gears at high 
speed. Usually only one eaar Is made 
of rawhide and the other 
this c ■ - - . 

rawhide c 



_- — B of the 

1 It the operation la 
at a high enough speed. For low 
speed, raivhlde cannot compete with 
steel on an equal basis of size, due, It 
Is believed to the fact that low speed 

f rears do not have to withstand the 
mpact that high ' 
withstand. Rawhid 
made up of layers _ . . 
are bound on both ends with a plate 
of bronse or brass. The entire gear 
is pressed together -~' "" " "" " * 



Ions on electric 

of rawhide. If made of eteel the re- 



Wfelle 



the machlni 



Ing Co. 



SOS — GEAR TBBTH, MBTHOD OF 
REPLACING BROKBN, — Quite often a 
tooth will break out of a gear on ac- 
count of B. weak spot, a sudden In- 
Tj-ase of load or an fmpact or knock of 
! tooth, against another. Sometimes 



the I . 

that will cause a shutdown < 
decrease In production until t 
paired. As this Is often a re 
(hat lasts for several days, a 






DrflllBK Gear for New Tcetk. 



production ma 
descrfbed here 



teth. The plac 



holes BhouM be about the same as the 
thickness of the tooth at the pitch 
line a little more than that rather 
than any •*"■-. S"'" feao ' ' " " 



width ot the face of the gear 



New Teeth Plals) 



teeth of. this kin 

long as the original gear. 

SM— GENERATOR AND ALTERNA- 



r device for ( 



direction ot flow, and runs from 25 
to SO times In each direction per 
second (hence, the terms often en- 
countered, 110 volts, «0 cycles: tiO 
volts. 25 cycles, etc.). The usual type 
of generator or alternator has a shaft 
mounted on two bearings, and a syatero 
of wiring, called the armature, mounted 
on the shaft between the two bear- 
ings. In operation, this shaft Is ro- 
tated at high speed, and the revolution 



three-phase. As a rule, when a plant 
generates Its own current, a direct 
current service Is advisable; but when 
current Is purchased from a public 
utility. It Is almost always alternating 
current, since this can be transmitted 
easier than direct current. A dynamo 
la the same as a generator. (See also 
Motor, electric.) 
SIM A— GEOLOGICAL AGES. 
Geaeral Table irf Geoloslc DIVlKloaa. 



Plloc 

Miocene 
Ollgocene 
Eocene 
lesozolc {Middle Life) 

Transition (Arapahoe and Denver) 
Upper Cretaceo,iB 

Western coal beds 
Lower Cretaceous (Comanche or 

Shastan) 

New Jersey Clays — Lignite 
sic 



Jure 
TrlasBlc 



stones. Conglomerates 

Bio.uit ,Anclent Lite) 
Permian 

Limestone. Gypsum, Shales, Coa 
Coat Measures or Pennsylvanlai 
(Carboniferous) 
Moat all Coal 

Most Clays and Shales used li 
Clay Manufacture 
Subcarbonlferous, or Mlsslsslpplan 
Waverly (Ohio) Shales. Bedfort 
Limestone, Coal, Poor and Thin 

Gas. OH— Pa., W. Vb. and N. 1. 
Black Shate *■ '" 

Silurian 
Gypsum 
Niagara LImest on- ^..6 

Ohio and Jnd. Qa^ 
Limestones * 



Ol' 









..K'V1i.*,*Ar lK»f,.'rT Lif«| 



■^iii 



Llmestrinf-s turm'it fr'im «•»• 

and silica tvm slllira ■■r^ri- 
tlons. Iron rjiMoa and car- 
SOS — GiLDlJfG. — A general 



rrent gi^t who can put 
■ le- . Fs a gilder, while 



also classed as a gll'de'i 
SOO — OLAVCONITE. — A o 

eral Ingredient of some crays. being 
a hydrous silicate ot potash and Iron. 
Its composition Is variable with the 
character of clay and locality In which 
It Is found; It Is easily fusible and 
not a desirable constituent If present 
In any considerable quantity. Qlau- 
conlle Is found chiefly In the clay marl 
formations of New Jersey cretaceous 
deposits, and In the Eocene formations 
of Maryland and other coastal plain 
regions. 

SOT — GLAZE.^ — Qtaies are vitreous 
coatings used to cover clay bodies, 
either to ornament them or make them 
Impermeable to water. Their chemical 
composition Is nearly as variable a« 
that of the objects on which they 
are used, this being the principal 
means of determining their physical 

parency. solubility, etc. Some" potters 
classify glaxes according to the rel- 



transparent glai 






higher melting point thi 
they are usually applied 



;onslderlng glazes from the point 
(Ir action on the coloring oxides, 
lolferous. 



boraclc and alkaline glazes, i „ 

as one or the other of these 8Ubsta.nces 
larger proportion and may 



Influence the c 






.ti-KUT, I. A 

.. „- „ ._ too thin, 

will have a rough, poor appearance. 
If the glaze Is too hard. It will not 



> soft. It will [ 



Olaze 
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much flre or too heavy dippiner may 
cause similar results. 

CrazinsT* the worst defect In earthen- 
ware, is chiefly due to unequal expan- 
sion and contraction of the body and 
frlaze; too low a silicate content is a 
requent cause of crazingr. 

Peelins (sometimes called shiveringr) 
may be due to an excess of flint, caus- 
Iner the body to have a greater ex- 
pansion than the slaze, and thus frac- 
turing: the fflaze at the edgres and 
corners. Peelingr may also be due to 
short flringr in biscuit; to insufl^cient 
brushing: and deaningr in the biscuit 
warehouse. In these Two latter cases 
the dust or dirt left on the edgres 
really forms an Independent body 
lying: between the body and the g:laze, 
and prevents them from properly 
uniting:. 

Pinholes may be caused by hardness 
of slaze, or g:laze with Insufllcient 
flowing qualities, or under-g:lost firing:, 
or badly spong:ed clay ware, or soft, 
insufllciently pug:g:ed clay. 

Blistering: may be due to unequal 
firing: or to over-firing:. 

Dryness may be due to insufllcient 
dipping:, hardness of g:laze, over-biscuit 
firing:, over-grlost firing:, placing: in In- 
sufllciently ^azed sag:g:ers. 

Unevenness may be due to Insufli- 
dent g:lost flring:, or lrreg:ularity in 
dipping:, or infusTbility of g:laze. 

Kunning: may be due to too soft a 
g:laze, over-g:lost flring:, hard biscuit, 
or overdipping:. 

Spitting: out — which means that the 
g:laze becomes roug:h and full of little 
black specks — is grenerally attributed 
to the ware being: damp. Old ware, 
which has been some time in the ware- 
house, is more liable to this defect 
than ware from the ovens. 

800— GLAZB GRINDING BfACHINSS. 

— These are types of ball mills In 
which the mill is lined with pieces of 
stoneware, and flint balls are used 
entirely. In this way the material 
which is being: g-round does not come 
into contact with any iron and there- 
fore the g:lazing: material cannot g:ather 
any iron to spoil the g:laze. 

MANUFACTURERS (see catalog: sec- 
tion): 

Bonnot Co. 

Mueller Machine Co., Inc. 

Williams Patent Crusher & Pul- 
verizer Co. 

MANUFACTURERS' ANNOUNCE- 
MENTS : 

Williams Patent Crusher & Pulver- 
izer Co., St. Louis, Mo. Manufac- 
turers of grinders for reducing: 
salt and other g:lazing: materials. 

810>— GliAZING MATERIAL, HOW TO 

P R B P A R E« — Glazing: materials are 
prepared in the sllphouse department, 
the ing:redlents varying: according: to 
the special purpose for which the glaze 
is to be used (see Decorative coloring 
materials). All glazes, however, go 
thru the same general process. In 
preparing a raw glaze, the materials 
are thrown in a burrstone or ball mill 
and ground under water. If the glaze 
is to be a fritted glaze, the materials, 
including the crushed frit, are mixed 
in the same manner and very thoroly 
ground. 

Some English potteries have frit 
kilns. An average size kiln, having 
an output of about 40 tons every two 
weeks, is about 15H ft. long, 4 ft. 
wide, and 4 ft. high. The part con- 
taining the frit ingredients is 11 ft. 
long. ' After having been fired for 8% 
to 4 hours. 600 lbs. of fiuid frit fiow 
into a shallow iron tank containing 
three inches of cold water. Upon con- 
tact with the water, the frit soon 
solidifies. The shattered glass frag- 
ments are piled in a bin convenient to 
the glaze pans or the glaze mills. The 
frit Kiln is in use for two weeks; the 
third week it must be rebuilt and 
renaired 

In United States potteries the frit 
ingredients are placed in saggers and 
fired in regrular kilns. Grinding cyl- 
inders 7 ft. In diameter and pulverizing 
cylinders 6H ft. in diameter, or glaze 
pans made of sheet metal and paved 
with stone, are used in reducing the 
glaze materials to the desired con- 
sistency. After passing thru the sifter 
lawn and magnets the glaze fiows to 
a receiving ark, from which it is 
pumped to the dipping room. Great 
care is exercised in preparing glaze, 
since a poorly prepared glaze will 
cause much damage to the ware. (See 
also Frit.) 

GLOST KILN, see Kiln, biscuit and 
glost. 



811— GLOVES. — Gloves are worn in 
clay products plants for several rea- 
sons. Many shales' and clays are of 
such a nature that if touched while 
in the wet state, any ware will show 
this mark when burnt. Gloves are 
often worn to prevent this discolora- 
tion. Again repressed brick have oil 
on every surface and at times they 
are hard to pick up. Gloves worn by 
the men make this work easier and 
prevent dropping the brick onto the 
car. In the manufacture of silica 
brick it is necessary to wear rubber 
gloves to prevent the lime injuring the 
hands. In handling burned ware of any 
kind, gloves, usually made of leather, 
and called "hand leathers" are most 
serviceable. Some of these co>ver and 
protect only the palm of the hand and 
fingers, thus providing thoro ventila- 
tion, and adding to the ease with which 
the ware can be handled. (See also 
Hand leathers.) 

312 — GOTERNOR, ENGINE AND 
PUMP* — A governor is an attachment 
or device for controlling the speed 
or pressure exerted by an engine or 
pump. Engine speed Is controlled by 
some form of centrifugal motion. In 
ordinary slide valve and corllss engines 
this governor is usually in the form 
of two iron balls, which swing out- 
ward from the central spindle more 
and more as the speed increases and 
swing closer to the spindle as the 
speed decreases. The balls are made 
to revolve around the central spindle. 
This centrifugal motion is transferred 
by means of levers and rods to a 
throttle valve which controls the 
amount of steam going into the 
cylinder. In a corliss engine this mo- 
tion controls the cut-off of the valves 
instead of the throttle valve. In an 
automatic engine the centrifugal mo- 
tion is exerted on two balls which 
are mounted on one of the flywheels, 
and this motion is transferred to con- 
trol the cut-off of the eccentric. A 
pump governor is made to control the 
pressure exerted on the water end of 
a pump. The pressure of the water 
cylinder is exerted on a disc or 
plunger, the movement of which con- 
trols the amount of steam reaching 
the cylinder, so that if the pressure 
goes above a certain amount the steam 
is shut off entirely. Engine governors 
are necessary to prevent racing of an 
engine and consequent danger of 
damage, when the load is reduced, and 
pump governors are necessary to pre- 
vent the pressure on a pipe line risingr 
so high that it will affect and injure 
the pipe Joints. 

GRAM (also spelled s^amme), see 
Metric system. 

813 «> GRANULATOR. — Granulators 
are used for preparing plastic clay 
and feeding it to the crushing rolls 
in a properly prepared condition and 
at a uniform and constant rate of 
speed. The object is to reduce the 
labor of feeding clay to the crusher. 

A granulator consists basically of 
two I-beam supports upon whio^ is 
mounted a long mixing chamber, semi- 
cylindrical in shape, and open at one 
end to permit discharge of the mate- 
rial. At the other end is located the 
belt-driven pulley, equipped with a 
friction clutch, and a large cast-iron 
housing which contains a driving gear 
mechanism which, in turn, transmits 
power to a long steel shaft, equipped 
with knives, that extends thruout the 
length of the tank. The knives are 
adjustable as to pitch, so that when 
the shaft revolves they not only cut, 
mix and granulate the material, but 
at the same time discharge it from 
the mouth of the trough or tank at 
any desired speed, much the same as 
a screw conveyor would do. 

As the granulating process and rate 
of discharge are required to be rather 
constant, only one lever is generally 
employed to control the operation; this 
lever connects with the friction clutch 
of the belt-driven pulley and is used 
to start or stop the machine at will. 

Granulators are furnished in a va- 
riety of designs, each manufacturer 
attributing to his machine many dis- 
tinctive features in construction and 
operation. The capacities of the va- 
rious sizes and types range from ap- 
proximately 6,000 to 16,000 standard 
building brick per hour. 

MANUFACTURERS (see catalog sec- 
tion): 
Freese, E. M. & Co. 
Hadfleld-Penfleld Steel Co. 
International Clay Machinery Co. 
Mueller Machine Co., Inc. 

9t 



814 -. GRAFHITB. — Graphite Is an 
impalpable form of carbon. It is made 
in several different sizes of powder 
and flake. It is an excellent lubricant, 
in fact the only lubricant outside oi 
oils and greases. Many of the pre- 
pared gnreases, especially those sold for 
auto truck transmission and differen- 
tial cases, have gpraphite in them. It 
is very good practice to spread gnraphite 
on boiler gaskets before putting them 
into place as they do not stick when 
being taken out. The same is true 
of gaskets in pipe unions, pumps, etc. 
Graphite is far better than oil or grease 
as packing in the roller bearing boxes 
of dryer cars. It will be unaffected 
by the heat and not gather dust and 
dirt as do oils and greases. Many of 
the packings for pistons, rods, stems, 
etc., are permeated with gnraphite when 
manufactured. Graphite is also serv- 
iceable if put into a boiler to prevent 
the scale from sticking to the tubes 
and shell. The scale can, therefore, 
be removed more easily thru the blow- 
off. (See also Graphite crucibles.) 

815-^GRAPHITE CRUCIBLES.— These 

crucibles are used for the melting of 
alloys and metals, and fusion work in 
electric furnaces. The raw materials 
consist of some good pot clays and a 
pure variety of graphite. Ceylon 
graphite is best because of its leafy 
or foliage structure and great com- 
pactness. Generally about 76 parts 
clay, 26 parts quartz, and from 80 to 
100 parts of graphite are used. (See 
also Crucible manufacture.) 

816 — GRATE AND GRATE BARw— 

Except in comparatively few cases, all 
hand-flred flre boxes of kilns, dryers 
and boilers use grates on which the 
flre rests. The grates are composed of 
a series of bars spaced apart so as 
to permit the air necessary for com- 
bustion to pass thru the openings to 
the flre above; the arrangement also 
facilitates the removal of ashes. There 
are two general types of grates, hori- 
zontal and inclined. The former is the 
type usually used under boilers and 
in hand-flred dryers. Both types are 
used in kilns, however, and it is hard 
to determine which is the better, since 
the only argument in favor of either 
type is often the preference of the 
man in charge. Some of the horizontal 
type are mounted on a framework, so 
that when it is desired to dump them 
it can be done easily. A cleaner fire 
results in a very short time. (See also 
the two items under Stoker.) 

MANUFACTURERS (see caUlog sec- 
tion): 
Canton Grate Co. 
Eagle Iron Works 
Hadfleld-Penfleld Steel Co. 
Toronto Foundry & Machine Co. 

GRATITT CARRIERS, see Carriers, 
gravity. 

GREASE, see Lubricating oil and 
gnrease. 

817— GREASE CUP. — ^These attach- 
ments are intended to provide adequate 
and economical lubrication for shaft 
bearings. They consist of cast iron 
or brass, and one part screws over 
the other. The outside part contains 
a storage of grease, and the part which 
screws into the bearing has a hole 
in it to allow the grease to gret to 
the bearing. The grease is forced Into 
the bearing either by turning the 
larger part of the cup by hand or by 
a spring which exerts a uniform pres- 
sure against a plunger. The pressure 
of this spring can be regulated. An- 
other type of grease cup has a pin 
which is long enough to reach from 
the shaft that Is to be lubricated 
to the upper part of the cup which 
contains the storage of grease. The 
revolution of the shaft Jars this pin 
slightly and its friction in the gresMe 
causes the grease to flow down the 
pin to the bearing. The latter type 
uses a better grade and a smaller 
quantity of grease than the former. 

MANUFACTURERS (see catalog sec- 
tion): 

Hadfleld-Penfleld Steel Co. 

Link-Belt Company. 

Webster Mfg. (^o. 

318 — GRINDING. — This is the process 
of pulverizing or gnrinding clays or 
glazes so that they will be homo- 
geneous and mix more readily with 
water. The several types of (Crushers, 
Dry pans. Ball mills. Pulverisers, Wet 

Sans, Chaser mills, Kent mills, and 
disintegrators are all described under 
their several headings. Any impuri- 
ties can also be found and removed 
during grinding or reduced to suofa 
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small particles that all or most of the 
dansrer is obviated. 

MANUFACTURERS OP EQUIPMENT 
(see catalogr section): 

Eagrle Iron Works. 

Mueller Machine Co., Inc. 

Stevenson Co. 

Williams Patent Crusher & Pul- 
verizer Co. 

i«?^^¥?^'^®x?^?=^"'^»'-A ffrind- 
ingr wheel is a wheel made of a high 
abrasive for cutting and dressing me&l 
and tools. It is driven at high speed 

rJ^inH\«t*25, ^^ *'« P*^^®' *n cutting. 
Grinding wheels are generally made of 

S«!;«il''^®**?'^^°^ *'® '"8®d together by 
Durnlng the same as other clay prod- 
ucts, but at a very high heat. They 
fhf usuaHy mounted on a standard on 

h^ o** k"w ^t^^^. V *^*^^• 'n pairs driven 
by a belt about two inches wide. There 

whin>?°i. *«^ly?f ?,' portable grinder 
iVi^^^t. ^P practically the same except 
tJIh- I- 5?^ driven by an electric motor. 
rhl^ il ^?'*y convenient as many times 
the work can be done in the nlant 
?fi«^er tha„ it can Se "removed to 
A ♦ fiJl^-***!?®. "^^P ^*°<* finished there. 
th^i^S?A\ ^" f°5^ practice to mount 
i.io^?^'^?***'®, grinder on the shaper or 
Planer in place of the usual cuttine 
h*i/" the depth of the c5t can bf 
ISg.tl «J*c«y. which is not possible 
u^ t% \^l operator holds the work 
a?in/H«i*^t,v°'?^"*^y grinding wheel. 
♦hi^^iJF ^Mt^^ vary in the size of 
f5®^?^*"\ °' ^*>e abrasive, in hardness. 

f2r.A ^t^®'' ^?? *P ^^^ width of the 
'^ce. They will give the best results 

only when full consideration is given 
fSj'SnJ'^^oi.i?.™" '"^ .electing t f iTe^Jl 

f«Ay^iP'"^*?*^ wheels generate heat 
iho♦^^*K ^^^\ V^^ ^a*"© niust be taken 
i^A^^fii*"? ™S**^ ^*" not heat suffl- 
Sl^"?io^*i change its temper. Water 
i«.r*^y*®*^ °t **' affords a good chill- 

Kif^Sf^®^' ^?®° '*>« ^ork ii liable to 
become overheated. "«'»'*o w 

MANUFACTURERS (see catalog sec- 
Mueller Machine Co.. Inc. 
New York Belting & Packing Co. 



820— GROG. — Generally, grrog is com- 
posed of such refractory materials as 
pulverized pottery, crushed fire brick, 
crushed Quartz or quartzite. crushed 
burned ware, crushed clinkers from 
kiln or boiler furnaces, or of sand. 
It is used largely to reduce lamination 
in plastic clays and also plays an im- 
portant part in drying. 

Grog reduces lamination because of 
l." Jffranular character. It acts as a 
binder, as a lot of teeth, or, as it were, 
as a drag to prevent the plastic mass 
slipping on itself. To serve this pur- 
pose, grog is made relatively coarse. 
Its effect on drying is (1) to increase 
the pore space in the clay mass so 
water will flow more rapidly to the 
surface; (2) to reduce shrinkage, thus 
reducing the degree of strains; (8) it 
Increases the strength of the clay by 
its binding action and thus enables 
the clay to withstand more strain. 

MANUFACTURERS OP GRINDERS 
(see catalog section): 

Mueller Machine Co., Inc. 

Williams Patent Crusher & Pul- 
verizer Co. 

MANUFACTURERS' ANNOUNCE- 
MENTS : 

Williams Patent Crusher & Pulver- 
izer Co., St. Louis. Mo. Manufac- 
turers of crushers for reducing 
old brick and tile. 

821— GROUND liAYING.— Potters' 
*®rf5» refers to a method of applying 
solid colors either in broad bands or 
over the entire surface of the ware. 
A particular kind of oil known as 
ground-laying oil is applied to the 
ware. This is very carefully and 
evenly bossed by a line chamois-skin 
boss similar to a powder puff. The 
finely powdered color is then dusted 
on the ware, the color adhering to 
only the parts to which the oil was 
applied. The process is not now gen- 
erally used on account of its delete- 
rious effects to the operator, who is 
apt to Inhale more or less of the 
powdered color. 

822— GROUND LAYING. WBT- 

PROCBg8.--Wet-proces8 grounJ laying 
is intended to produce the • effect o? 



the dry process, but the results are 
not as rich nor effective; the method 
consists of mixing the oil with the 
color, applying it with a brush, and 
bossing it in the same manner as 
described under Ground laying. 

lOS— GUARD, IJLBIP.r--An electric 
light globe is very fragile and this 
is especially true in and around the 
plant, machinery and kilns of a clay 

groducts plant. Guards to prevent this 
eavy breakage are made of wire inter- 
woven to form a basket around the 
flobe and fasten onto the socket. If 
esired these guards can be locked 
in place so that no one can remove 
or appropriate them without authority. 
Extension lights that are used in the 
Inaccessible places around machinery, 
etc.. should always be equipped with 
guards, and if desired these guards 
can be equipped with handles for 
easier movement and with hooks to 
hang in any position. 

GUIDB ROIiliBR, see Roller, guide. 

^UM—^YFSUM.— Chemically known as 
CaSOj, 2HtO=CaO 82.6%. SOt 46.5%. 
HfO 20.9%. This mineral is probably 
not widely distributed in clays, altho 
some deposits contain large quantities 
5f ?i' ^Gypsum may occur in a finely 
divided condition, or in the form of 
crystals, plates, or fibrous masses of 
selenite. When it is found In pieces 
of microscopic size, it is easily identi- 
fied by its softness, pearly lustre, and 
transparency. At a temperature of 121 
deg. C. (250 deg. F.), gypsum loses 
its water of combination, and' at still 
higher temperatures the sulphuric acid 
may be disposed of. 

MANUFACTURER OF GRINDERS 
(see catalog section): 

Williams Patent Crusher & Pul- 
verizer Co. 

MANUFACTURERS' ANNOUNCE- 
MENTS : 

Williams Patent Crusher & Pulver- 
izer Co., St. Louis, Mo. Manufac- 
turers of crushers and pulveriz- 
ers for the reduction of gypsum 
rock. 

GYRATORY CRVSHBR, see Crusher, 
gyratory. 
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824A— HACKING BIAOHINB.— This is 
a patented device which has been de- 
veloped for the purpose of mechan- 
ically hacking brick after they leave 
the dryer. The pallets holding the 
brick are carried on conveyors (as 
shown at A in the illustration), from 
the dryer to the hacking machine. This 
IS composed of a separating table and 
an assembling table. When the pallets 
loaded with brick arrive opposite the 
separating table a pusher (B) auto- 
matically pushes the brick onto the 
separating table (C) at which point 
gravity places them on edge on an 

fi^f^S^f J*®*^^ .P^' T*^*8 »>e" carries 
the brick to the assembling table (E) 

/J-^^^lX. *P*ced- A mechanical lifter 
(F) then picks up this assembled 
course of 192 brick from the table and 
automatically places them on the cars 
vu). Nine of these courses constitute 
a car load of 1,664 brick and they are 
placed on the cars in regular forma- 
tion. These cars of brick are then 
transferred from the hacking machine 
to the kiln where the unit consisting 
of one-half the car load or 832 brick 
is picked up by the setting machine 
?J?* placed In position for burning in 
the kiln This hacking machine is 
automatic in every respect and will do 
the work of 25 to 30 men. 

This machine when used with the 
equipment described under the items 
headed Setting machine. Loading ma- 
chine and Soft mud brick automatic 
dumping attachment, makes a brick 
plant thoroly mechanical and auto- 
matic. The brick are not touched by 
hand at any point of the process. 
The patents on this machine are owned 
and controlled by The American Equip- 
ment Company, 1619 Conway Buildine. 
Chicago, Illinois. 
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MANUFACTURER (see catalogr sec- 
tion): 
American Equipment Co. 

826— HALIiOYSITE* — A massive, clay- 
like or earthy mineral with a con- 
choidal fracture and showing: little or 
no plasticity; hardness 1-2; specific 
srravity 2.0-2.20; luster somewhat pearly 
to waxy or dull; color, white, grrayish, 
grreenlsh. yellowish, and reddish; trans- 
lucent to opaque, sometimes becoming: 
translucent or even transparent in 
water, with an increase of 20% in 
weie:ht. It is a hydrous silicate of 
alumina like kaolinite, but amorphous 
and containing: more water; according: 
to Le Chatelier it is probably com- 
posed of 43.6% silica, 36.9% alumina, 
and 19.6% water. The composition of 
various deposits found in this country 
and abroad vary g:reatly. 

826 — HAND LBATHBRS^— In han- 
dling: burned ware made of clay, and 
especially brick, drain tile, hollow tile, 
fire brick, etc., the workmen must 
wear some protection on their hands. 
Pieces of old shoes, cement sacks, belt- 
ing: that has been used and then taken 
out, and almost anything: has been 
broug:ht into play for this purpose. 
Often the article used was taken from 
the store room if possible. Lately 
several types of hand leathers, manu- 
factured for use of the men who handle 
burned ware have been put on the 
market, at a very low price. One of 
the principal troubles with the old 
make-shift home-made affair was that 
at times it became too cumbersome 
to handle the ware properly and the 
man would as a result drop or pitch 
the ware too hard and thereby injure 
it. Manufactured hand leathers are 
made to protect the palm of the hand 
and flng:ers only. This allows a maxi- 
mum of ventilation, which is very 
necessary and prevents chafing: of the 
hands. They are fastened by bands 
or straps around the wrist and back 
of the hand. The use of these hand 
leathers is g:rowing: very fast as they 
are proving: very satisfactory to the 
workmen and to the plant owners. 
They last long-er than the old type. 
(See QloVes; Footw-ear.) 

327 — HANDLING.— Potters' term for 
the process of making: and attaching: 
handles to articles not completely fin- 
ished by the makers. For example, 
cups are first made, in United States, 
by a cup jig:g:erman^ and by a cup 
maker in Eng:land. in this country a 
larg:er proportion of cups are then 
finished on the turning: lathe by a 
turner; in Eng:land they are finished 
by cup spong:ers. The handler then 
finishes and places the handles on 
them. The handles are made by helpers 
in plaster of Paris molds, several being: 
made simultaneously. They are then 
trimmed and stuck to the ware with 
liquid slip, sometimes containing: a 
small amount of g:um arable. The 
handler and finisher of larg:e articles 
makes his own handles and is known 
as a stlcker-up, which is a distinct 
occupation from that of the handler 
of cups and small ware. 

328 — HAND PAINTING.— This is the 

process of decorating: or painting: 
chinaware or pottery by hand. It is 
ordinarily an overg:laze decoration and 
finished by firing: in a special kiln 
called a china kiln. (See also Pottery 
decoration; Decoration, overg:laze.) 

329 — HAND-l^VEDGING. — A potter's 
term. The operation consists of tak- 
ing a larg:e lump of pug:g:ed clay, cut- 
ting: it in two. forcibly brlng:lng: the 
two parts together, then kneading: the 
mass to render it perfectly homo- 

feneous and free from air bubbles, 
he operation is repeated several 
times. (See also Wedg:lng:- table.) 

SSO^HARDNBSS TEST. — This con- 
sists of applying: any one of the follow- 
ing tests to a piece of clay or clay 
ware, (a) Scratching: surface with a 
piece of steel; sometimes used in test- 
ing: terra cotta. (b) Grinding: test; 
done on a wheel or g:rindstone. (c) 
Gay's test; done on a revolving: table; 
welg:ht lost during: a certain time is 
measured, (d) Barnell's test, by means 
of which a weight is dropped on a 
sphere from a g:rven helg:ht. (e) Re- 
bound test; drop a weig:ht on a piece 
of clay and note rebound. (f) Sand 
blast test; sand, under a certain pres- 
sure of air, is blown ag:ainst the area 
for a g:iven time; this method is some- 
times used for paving: brick. 

HARVESTER, CLAY, see Gatherer 
and harvester, clay. 



881 — HEATER, FEEDWATER. —A 

feedwater heater is a piece of equip- 
ment or appliance for the boiler room, 
in which the water that is to be fed 
into the boiler is preheated almost to 
the boiling: point. This preheating: is 
accomplished by piping: exhaust steam 
into the heater and allowing: the water 
to absorb the heat from the steam. 
A large percentagre of the scale and 
sediment in the water can be removed 
in a feedwater heater. 

MANUFACTURERS (see catalog: sec- 
tion): 
Canton Grate Co. 

882— HEAT INSULATION.— Heat re- 
sults from the combustion of fuel, 
and using: any material to retard the 
radiation of heat is insulation. In- 
sulation therefore reduces the amount 
of fuel used and this lowers the fuel 
cost. One example of Insulation is 
the practice of building: the walls of 
a dryer, kiln or boiler setting: as thick 
as practical. The insulation of brick- 
work, however, can be increased by 
the use of other materials, which are 
poorer conductors of heat, suoh as 
mag:nesla, cork, asbestos, felt, kle- 
selg:uhr, etc. Hollow tile are very 
g:ood for insulation where the pres- 
sure is not g:reat enough to crush 
them. Air leakag:e thru the Joints 
and between the courses of brickwork 
is another source of lost heat, and 
affords another reason for usinjr in- 
sulating: materials. (See also Brick, 
insulating:; Cement, insulating:; Insulat- 
ing: materials; Boiler insulation; Fur- 
nace insulation; Kiln insulation; In- 
sulation, dryer; Cement, hig:h temper- 
ature; Kleselg:uhr; Mangle, dipper's, 
and Stoveroom, automatic.) 

M.Aft»>JUFACTURER (see catalog sec- 
tion): 
Cellte Products Co. 

HEAVY SPAR, a term used for 
barium sulphate, see Barytes. 

882A — ^HELICAL GEAR.— In a helical 
or herringbone gear the gear teeth 
are not parallel with the shaft on which 
the gear Is mounted as is the case 
with plain spur gears. 

The most Improved form of these 
gears is one in which the tooth is in 
the form of a V on the face of the 
gear. The two legs of the V shaped 
gear make an angle larger than a right 
angle at the point of the V which is 
generally pointed up rather than down- 
ward. 

These gears do not make as much 
noise, and wear longer than spur gears 
because more than one tooth is always 
In mesh. Another advantage is that 
each gear holds the other in place and 
there is no tendency to exert a lateral 
motion to the shafts, or for the gears 
to slide. 

888 — HEMATITE. — ^The oxide of iron 
(FesOa), red in color, sometimes found 
in clays. On exposure to air or mois- 
ture it readily changes to limonlte. 

HERRINGBONE GEAR, see Helical 
gear. 

HIGH TEMPERATURE CEMENT, 

see Cement, high temperature. 

884 — HIGHWAY IMPROVEMENTS, 
RECORD OF. — The first stone roads 
are thought to have been built as early 
as 1,000 to 2,000 B. C. Streets of 
ancient Rome are believed to have been 
paved in the fourth or fifth century 
after the city was founded. The 
Applan Way was begun in 312 B. C; 
it was 14 to 18 ft. wide and still exists 
in part. Paved streets were first laid 
in Paris about 1184, when that city 
had a population of less than 200,000. 
Strand street, London, was directed to 
be paved by an act of parliament in 
the 14th century; it is claimed, how- 
ever, that the first regular street pav- 
ing was * done In 1633 when London 
had a population of about 150,000. In 
the days when the first paved streets 
were put down In London and Paris, 
streets were not used for wheeled 
trafllc, the merchandise being trans- 
ported by pack animals. As late as 
the 17th century, people were carried 
about the cities in chairs, and trains 
of pack horses were the freight car- 
riers. According to one highway engi- 
neering authority, the oldest pavements 
that have been seen by people of the 
present day were those disclosed by 
excavations at Pompeii; but these high- 
ways "were undoubtedly intended for 
pedestrian, not vehicle, traffic The 
mileage of highways in United States 
exceeds 2.500,000 miles; of this amount, 
a little more than 10% is classed as 
Improved. 
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386— HOIST^ — Hoists are used for 
hoisting or hauling a car of clay from 
the pit, or, in the case of a mine, to 
hoist the cage on which there is a 
car of clay. There are a few special 
cases where a hoist is advantageous, 
such as in pulling cars of overburden 
over a hump so that they can coast 
downhill to the spoil bank, etc. Hoists 
consist of one or two drums onto 
which the cable is wound as the drum 
revolves. The hoist can be driven by 
a steam engine, motor, or gasoline 
engine. Braxes are always provided 
so that the cars or cages can be let 
down again without injury or danger, 
and no more cable allowed to run off 
of the drum than necessary. In some 
cases there is provision for letting one 
car or cage down while the other is 
being hoisted. This, of course, saves 
time. (See also Drum, winding; and 
Crane.) 

MANUFACTURERS (see catalog sec- 
tion): 
Eagle Iron Works. 
Freese, E. M. & Co. 
Green, L. P. 

Hadfleld-Penfleld Steel Co. 
International Clay Machinery Co. 
Link-Belt Company. 
Steele, J. C. & Sons. 
Weller Manufacturing Co. 

HANGER, see Shafting, hanger for. 

386 — HOLLOi;ir BLOCK AND BRICIL 

— Hollow block are usually 12 inches 
long overall, and the other dimensions 
may vary from three by six or four by 
five to 12 by 16 inches. These may 
also be irregular In shape for special 
purposes. They are usually more or 
less hollow and may have one or a 
number of webs to strengthen the 
block, the webs wherever they cross 
forming cells as they are termed. Hol- 
low blocks are made on a stifT-mud 
machine and can be either smooth, 
corrugated or ornamental on the sur- 
face. They are used for exterior walls 
or foundations principally, and a 
stucco plaster can be put on. Terra 
cotta lumber is a form of hollow ware 
which is so porous that nails can be 
driven into it. This is made by putting 
saw dust into the clay before burning. 
Hollow bricks are the same size as 
ordinary brick, but have one or more 
holes in them so that they do not 
weigh as much. They are used in any 
backing up work. Both hollow blocks 
and hollow brick are adapted to be 
used in any of the construction work 
around a clay products plant, and es- 
pecially wherever it is desired to re- 
tain heat and the pressure would not 
be great enough to break them. (See 
also Die, factors of operation.) 

887— HOLLOIV TILE MACHINERY. 

— Hollow tile are made same as brick 
except as to method of molding and 
are almost universally made on hori- 
zontal auger machines. The manufac- 
. ture of hollow tile on a steam press 
does not offer any greater problem 
than the manufacture of any other 
shape. With an auger machine, how- 
ever, of either the vertical or hori- 
zontal type, hollow tile requires special 
construction and lubrication. The 
manufacture of drain tile does not 
offer as great a problem, because the 
cross section is concentric, and nat^ 
urally the flow of clay is nearly uni- 
form. Likewise, in the manufacture 
of brick the column of clay is solid 
and the only difficulty is to design the 
machine to insure as uniform a flow 
of clay as possible. In the manufac- 
ture of hollow tile, however. It is 
impossible to lubricate all of the sur- 
faces of the cores, and moreover it is 
difficult to have the same fiow of clay 
at the centre of the die as at the 
corners of the die. (See also Die, fac- 
tors of operation.) 

MANUFACTURERS (see catalog sec- 
tion): 
Freese, E. M. & Co. 
Hadfleld-Penfield Steel Co. 
International Clay Machinery Co. 
Steele, J. C. & Sons. 
Stevenson Co. 
Toronto Foundry & Machine Co. 

MANUFACTURERS' ANNOUNCE- 
MENTS: 

International Clay Machinery Com- 
pany, Dayton, Ohio, build a 
complete line of hollow tile n&a- 
chlnery and are prepared to fur- 
nish estimates on either complete 
plants or on individual machines. 
See our pages in catalog section. 
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H0LIi01¥ y^AnVi FOR STRUCTURAIi 
WORK, see Fireprooflngr, Hollow block 
and brick, and Terra cotta lumber. 

888 — HOLLOW WARS PRBSSIN6, 
PROCESSES OF. — The term refers In 
the pottery industry to the hand 
process of making such articles as 
soup tureens, cover dishes, Jugrs. etc., 
by pressingr clay on or into molds in 
such a manner that it receives the 
exact form of the mold, the pieces when 
extracted being: an exact replica of 
the mold. 

In pressinsT a Juff. for example, the 
mold may be in three sections, two 
sides and bottom. Bats of clay are 
prepared and placed in each section, 
care beinsr taken to keep smooth the 
surface that is applied to the mold. 
Pressure is then applied to the dlay, 
either by moderately flexible pieces of 
leather, a piece of double flannel, or 
by daubing: with a soft sponsre until 
the clay conforms with every indenta- 
tion of the mold. The waste or excess 
clay is removed, and along: each edge 
of one section a thiA layer of clay 
is applied. The two side sections are 
then flxed toe:ether and flrmly held 
by a piece of rope or leather, pressure 
being: applied to the roll, either by 
the flng:er or a piece of leather, in 
order to Join them tog:ether. The side 
sections are then placed on the bottom 
mold, on the edgre of which has been 
placed a roll of clay. This roll is 
pressed into a Joint between the sides 
and bottom, and thus the three sections 
are made one. The inside is leveled 
and smoothed by means of a spong^e 
or leather, and a finish griven to it 
by carefully applying the edg:e of a 
smooth piece of India rubber. The 
mold is then placed in the drying: 
room and the clay article allowed to 
dry until it beg:in8 to shrink from the 
mold surface, at which time it is 
taken from the mold and the rougrh 
edg:es from the top and seams are re- 
moved with a knife, a smooth surface 
being: g-iven all parts by means of a 
damp spong:e. The ware is then ready 
for applying: the handle. The handle 
is made in a mold of two sections; 
the clay is placed in one section, the 
other section is placed on top, and the 
two parts are squeezed tog:ether to 
form the handle, much as a waflle-iron 
forms a waflSe. After pressing:, the 
handle is dried to the same deg:ree as 
the Jug:, and the rougrh edges smoothed 
in the same manner. The parts to 
come in contact with the Jug are then 
cut into proper shape, the surfaces 
are moistened with water or slip, pres- 
sure is applied, and the handle becomes 
gart of the Jug. The slip used may 
e either body slip or ball slip, or a 
mixture of the two. Care must be 
taken to avoid over drying, since if 
the Jug is allowed to become too dry 
and the handle is in a soft condition, 
the difference in contraction during 
firing and drying may cause cracking; 
If the handle Is too dry and the Jug 
soft, the same fault will arise. If the 
Just is round and the handle too large, 
the Jug top may be pulled out of shape 
by the handle. Care is also taken, 
when the handle is applied, to remove 
all excess slip or water, either with a 
sponge or camel's hair pencil, other- 
"w^lse cracking will result because the 
point of contact is unduly softened, 
thus causing a difference In contrac- 
tion. 

The principal faults in hollow ware 

f>resslng are varying thicknesses, crack- 
ng at seams due to insufficient pres- 
sure or the inclusion of water in the 
Joints during welding, irregular sur- 



faces due to the inequality of pressure, 
and hollow feet due to bad welding. 
The seams or Joints of pressed ware 
are always raised after firing, which 
is due to the fact that greater pres- 
sure is applied at these Joints during 
the welding of the sections, and there 
is consequently less contraction. 

MANUFACTURER OP EQUIPMENT 

(see catalog section): 
Hadfleld-Penfleld Steel Co. 

HOOKS AND RnnSTS, BBLT» see 

Belt hooks and rivets. 

HOPPBR, see Storage bin. 

889— HORNBIiBNDB AND GARNBT. 

— Both silicate minerals of complex 
composition, and probably occur in 
considerable quantities in numerous 
impure clays, but their grains are 
rarely over microscopic size. Both 
fuse easily, and weather readily be- 
cause they contain iron oxide; this is 
what causes them also to impart a 
deep red color to clays formed from 
rocks in which they are a prominent 
constituent. 

340^— H O S B, M B T A Ii« — ^This term 
refers to the outside covering of the 
hose. Ordinary hose has either rub- 
ber or canvas on the outside. Either 
of these coverings can easily be af- 
fected by heat, oil, steam, etc., and 
also by kinks. Metal hose is made 
to overcome these troubles. The out- 
side of a metal hose consists of a 
spiral piece of metal, which interlocks 
at every lap. This interlocking is 
made flexible, so that the hose, altho 
stiff, can be bent around corners, thru 
holes, etc. Metal hose is a great sav- 
ing in many cases; for instance, when 
using a steam or water turbine flue 
cleaner, for compressed air or vacuum 
of any kind. 

Ml— HOSB, RUBBBR^ — ^A hose is a 
flexible pipe. It must be liquid proof, 
and therefore rubber becomes a neces- 
sary part of practically every hose. 
The foundation of every hose is canvas 
or similar fabric. Rubber is used at 
times on the outside, usually on the 
inside and always appears in some 
place to flll all of the pores of the 
canvas. Hose which is used for suc- 
tion or for creating a vacuum must 
be made extra strong to withstand the 
atmospheric pressure. (See also Hose, 
metal, and Hose, steam.) 

MANUFACTURERS (see catalog sec- 
tion): 
Goodyear Tire & Rubber Co. 
New York Belting & Packing Co. 
U. S. Rubber Co. 

842— HOSB, STBAM. — ^This is a form 
of rubber hose made by special process 
for transmitting steam. Since steam 
is used to vulcanise rubber, the con- 
tinued contact of steam and rubber 
will deteriorate the hose in a very 
short time, and for this reason special 
care is used in its manufacture, to 
overcome this trouble, as far as 
possible. Steam hose must also be 
made strong enough to withstand con- 
siderable pressure. In clay plants, 
steam hose is used to transmit steam 
from a pipe to the die of the auger 
machine, to the dies of the dry press, 
to the dies of a repress, etc. Many 
boiler tube cleaners are operated by 
steam, and as these must be moved 
back and forth in the boiler tubes, 
steam hose is used to provide the 
flexible connection between steam pipe 
and cleaner. Metal hose is often used 
for the latter purpose. (See Hose, 
metal.) 



MANUFACTURERS (see catalog sec- 
tion): 
Goodyear Tire & Rubber Co. 
New York Belting & Packing Co. 
U. S. Rubber Co. 
HOT FliOOR* see Dryer, floor. 
342A — HOUSING, GBAR. — A gear 
housing is used whenever it is desired 
to prevent any chance of accident, or 
to prevent dust and dirt from gather- 
ing on the teeth and thereby wearing 
them too fast. 

At times a gear housing is made 
tight and used to hold oil for lubricat- 
ing the teeth. In this case the lower 
gear must extend partly into the oil. 

The latter is the use made of a gear 
housing in connection with silent chain 
drives. This lubrication between the 
chain and the gear adds very materially 
to the life of each. 

MANUFACTURER (see catalog sec- 
tion): 
Link -Belt Company. 

843— HTDRAUIilC PRESS.:— A form 
of dry press formerly used for the 
manufacture of face and building brick 
to a great extent, and even used today 
in some plants. The pressure is exerted 
according to the well known laws of 
hydraulics. namely|^.that a small piston 
exerting a certain force on water or 
other liquid can graatly enlarge that 
force by having another piston of 
larger diameter inside of a cylinder 
connected with the small cylinder. The 
pressure of a hydraulic press is con- 
siderably larger than that of a dry 
press machine, and is about 60 tons on 
each brick. 

844 — HYGROMBTBR* — ^A hygrometer 
is an instrument for ascertaining the 
amount or percentage of moisture held 
by the air in a certain place. This 
is done by means of a "wet" and "dry* 
bulb thermometer. The dry bulb part 
is the same as the ordinary ther- 
mometer and indicates heat. The wet 
bulb part is constructed the same as 
an orainary thermometer, but the bulb 
is surrounded by a porous cloth which 
has one end in a small container hold- 
ing water. If the air to be tested is 
not fully saturated with water, the 
water will evaporate from the cloth 
which surrounds the wet bulb, thereby 
causing a lower heat at the bulb, and 
consequently a lower indicated tem- 
perature on the scale. Tables are pro- 
vided which show the amount of mois- 
ture in the air, based on the difterence 
in temperature between the dry and 
wet bulbs. Of course the amount of 
moisture already in the air and the 
temperature govern the rate of evapo- 
ration. Hygrometers are suited very 
especially to drying conditions of clay 
ware, whether the drying is done in 
a room, dryer, tunnel, stoveroom or 
mangle. The proper amount and rate 
of heat for each kind of ware and each 
clay can be regulated or changed for 
the best results, when the information 
obtained by the use of a hygrometer is 
available. Many kiln losses, if traced 
back, can be found to be caused by 
irregular, fast or improper drying, and 
many of them can be eradicated by 
the use of a hygrometer. (See also 
Dryers, and Thermometers.) 

MANUFACTURER (see catalog sec- 
tion): 
Brown Instrument Co. 

844A— HTGROSTAT. — An instrument 
for regulating the moisture in a dryer 
or other room. It is a hydrometer 
which works automatically. (See also 
Hydrometer and Dryer, humidity.) 
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-IDBAL WALIi.— This is a type 
of 'wall that is to a certain extent new 
in this country. But there are houses 
built of this style of construction that 
have been in existence for years and 
one house has been found in Sweden 
built of this construction over 100 years 
old. 

The brick are laid on edge as shown 
in the illustration. Every four inches 
a full length brick is laid that ties 
the outer wall to the inner and prevents 
the development of any weakness. 

This type of wall requires only nine 



brick to a square foot of wall for the 
same thickness that requires thirteen 
if built of solid brick. A four inch 
dead air space extends thruout the 
wall from one end to the other and 
from bottom to top. This acts as an 
insulation and also prevents any mois- 
ture from traveling thru the wall. 

The adoption of thia tvne of '^^^^ '^^^^ 
add immensely to the i^ rnand for com- 
mon brick and help tK^ *u\ar branches 
of the industry ma^^ ^'*i.,rinK con- 
struction materials. ^\i{actU»^** " 

(See illustration go.) 



846 — I li M B N I T Vi, — A mineral 
(TiFeiOa); most likely to occur, if it 
does occur, in clays which have been 
taken from soda-rich and basic erup- 
tive rocks. 

84^-INCOBIB. — The amount of money 
received by an individual or corpora- 
tion, in a certain space of time. There 
are several ways of considering in- 
come. In corporation accounting, gross 
income is meant to include all money 
received whether from sales, invest- 
ments or other sources. Net income 
is the same amount minus all expenses 




CLAT PBODVCTS CTCLOPKDU 



labor, 



coal, repairs 
- the 






I IB later reduced by 

ance for depreclAllon and obMlei 

and Ihe remalnlnK amount la the proflt 
(or the period. Gross profit and net 
Income are really the same, and tbs 
amount remaining after thq deduction 
tor depreciation and obaolescence Is net 

047— INCOKG TAX.— This iB a Bum 
collected from Indlvlduala. paTtnershlpB 
*.nd corporations as a tax payable to 
the federal Kovernment and In some 



amounL The state Income taxes are 
based on the federal rates but they 
vary considerably from one stato to 
another- Space will not permit us to 

So into any detail about the amounts 
ue on Income taxes. Practically 



s allowed are complicated 
lo ngure m ihe case at a partnership 
or corporation. 

Uany companies are having apprais- 
als made of their properties and espe- 
cially of their holdlRKS Jan. 1. 1S13, In 






establish 



_ -.- basis (or (__ 
taxes. Appraisals 
companies to obtain 



have enabled si 

amounted to i. 
the appraisal, 

S48 — INOHDflTATION, FOTTBRT.— 

This consists In molding simulta- 
neously two bodies (ormlnK two layers 
placed above each other, the thinner, 
placed on the apparent faclne. oon- 
stltutluK the slip, and the thicker. 
Inside, serving to give to the piece of 
pottery the thlcknees necessary (or Its 
solidity, representing the body proper. 
According to the process of maktnK 
employed. Incrustation can be done In 

In hand molding, the layer of slip 
Is placed In the mold In such a way 
that It nils all the parts to b« In 
relief, the body then Is added, and 
forced to adhere to the slip by Judl- 

In pressing, a rough outline Is first 
made by means of two layers of body 
placed parallel -' "- '"- — — 



I other; or 



body, a certain quantity o( ,_ 

enKobe Is placed In th^ mold, and the 
OlIinK is completed with powdered 
body. In both cases the presaure 
determines the adhesion of the body 
and Its slip. 

340— INDIAN AITB. — A whitish resid- 
ual clay (ound In Lawrence County, 
Ind,. which Is placed under halloyslte 
by Dana (see System of Mineralogy, 
S88. 1892). and called allophane In the 
state report (see Ind. Goot. Surv., 2Bth 
Ann. Kept.). 

INDICATOR. HOIiTCRE), see 
Hygrometer. 

S30 — ITTDICATOR. iPEBD.— A device 
tor sbowlng the speed at which a sha(t 

o( a spindle of small diameter, one 
end of which Is finished as a cone 
o( about one-quarter of an Inch diam- 
eter. A bandle Is provided by means 
of which the cone end of the spindle 
Is held against the end of a shaft 
whose speed Is to be Indicated. The 
spindle drives a dial by means of a 
worm gear. This dial shows the num- 
ber o( revolutions of the shaft tor any 



length of time that the Indicator la 
held Id oontBot with the shaft. The 
end of the shaft must have a oounter- 
sunk cone to correspond to the cone 
end of the spindle of the Indicator. 
One end of a shaft usually has a cone 
of this type cut Into ft when the 
shaft Is being turned up In the lathe. 
MANUFACTURER (see catalog aec- 



) show graph - 
ally the work that la being performed 
side of the cylinder. A pencil traces 
~ sheet of paper. The pencil 




be easily determlnf 



Ing efUclently. the amount of 
r being developed, etc The best 



INFIISORIAL 



see Kle sel- 



ls really a form of steam let pump, 
and consequently will not work suc- 
cessfully when the supply of water 
It Is to handle Is more than mod- 
erately warm. A pump will teed water 

"' "' " temperature slightly ta ' 

' and, tor this reaso. 

. Since pumps, how , 

aie subject to breakdowns, an Injector 
Is generally considered a necessary 
auxniary to take care of these emer- 
gencies. Where condensed water Is not 
used, an Injector la very efficient, but 
good practice advises both a pump and 
an Injector, or two Injectore. (See 
also Pumps, and Ejectors.) 

INBDLATINe BRICK, see Brick. In- 



Insulatlng. 

SOS — INSCLATlNa MATBHIALS^ 

Felt and cork are largely used for 
Insulation where the danger from heat 
is not great. The ability (or Insula- 
tion really depends on the amount of 
air cells a material can hold. (See 
also Hollow block and brick: Klesel- 
guhr: Magnesia: and Asbestos.) 

MANUFACTURER (see catalog sec- 



SM — INSULATION, DRYEIR, — Very 
seldom do we And an excess of heat 
tor the dryer, Even where we have a 
high heat as In the waste heat drying 
eystem, we should m!i enough air to 
take up the moisture and this natu- 
rally reduces the temperature. The 
higher we can keep the heat in the 
dryer the more drying can be accom- 
plished and the danger of water con- 
densing removed. The walls of dryers 
are often used to support part of the 
roof of the building, and in that case 
are usually heavy enough to Insulate 
the dryer, so that the heat will not 
escape. A coating of some material, 
however, should be placed on the In- 
Hide of the dryer or In the wall. 
Heavy tar paper Is satisfactory and 
magnesia or asbestos are equally good. 
The top or roof of the dryer should 
receive especial attention, because heat 
naturally rises and because the con- 

<0 



of a dryar does not necessi- 
tate a thick roof. Paper la not suffl- 
clent for the roof Insulation. Mag- 
nesia, asbestos or one of the forms 
of Insulating brick and Insulating 
cements should be used. Cinders and 
ashes have been found of good use 
for this purpose also. The use of pitch 
or tar on the outside of the dryer 
walls and the top o( the roof has bean 
(ound to be very satisfactory as I 
■" dryer water " • - — 



mined that If c 



, outalde 



a dryer wall. The outside walls below 
grade should be plastered with a mix- 
ture of two parts of sand and one 
part of cement. After this Is set a 
layer of tar should he put over It. 
Kleselguhr as a paste or cement or 
made Into a brlek forms a very good 

MANUFACTURERS (see catalog sec- 
Cell te Products Co. 
Philadelphia Drying Machinery Co. 
INSULATION, FURNAOB, ses Pur. 
nace Insulation. 

INSULATION, KILN, see Kiln InsnU- 
tlon. 

INSULATION, STBAM PIPB, see Pipe 



. _ ..' that he will reimburse another 
party for any damage or loss up to a 
certain amount caused by a certain 
specified event or act which may or 
may not occur. The party Insured 
pays a definite amount called the pre- 
mium to the insuring party, who la 
usually an Insurance company. Ufe 
Insurance Is often used to reimburse 
a company for the loss It will feel 
from the death of one of its principal 
offleers. Fire, tornado, winds -~' 

.-j,~ led by the sev- 

ieiii.B. E^mployer's liability In- 
relmburses an employer for 
any injury to an employee while en- 
gaged In his occupation. Flywheel In- 
surance covers any damage or Iom 
caused by the rupture of a OywheaL 



Ing from the failure of a customer 
to settle bis account. Fidelity Insur- 
ance reimburses tor any dlahonesty on 
the part of an employee. Use and 
occupancy Insurance reimburses for 
any loss or damage arising from the 
Inability of using and occupying cer- 
tain premises. 

Group life Insurance has lately been 
employed largely to reduce the labor 
turnover. Under a policy of this kind 
the employer pays a premium based on 
the number of employees, and the In- 
surance company pays a detlnlte sum 
to the employee's beneHclary depend' 
Ing on the length of employment when- 
ever an employee dies. The employee 
does not undergo any examination. Hs 

when the employment Is terminated. 

SOS— I NTESTMBJN T.— This Itsm 
refers to the amount of money used 
In a business or the amount put Into 
a certain enterprise (or a profit. In- 
vestment Is used at times In two dlllor- 
ent meanings, one being the same aa 
invested capital and the other the sanis 
as capital In the broad sense. The 
money that la on hand at any ono 
time. If not necessary for the conduct 
of the buainesH, may he put Into somo 
other fund or outside security, and 
to that extent constitutes an Invest- 
ment distinct from the original In- 
vestment of the company, or plant. 

SB7 — iRON.^Iron Is a metallic sub- 
stance deiived from lis various ores 
(ound In the earth. It Is the ores and 
the presence of them In clays, together 
with their effect In the procesaPng of 
clav ware. In which Ihe clay manufa«- 
turtr Is chiefly Interested. The most 
common ores (ound in clay are: 
Llmonlte (ZFerf>i,3HiO=^FeiOi SE.C%, 
HjO 14 s%), hematite (Fe.Oi}. tnagne- 
tlte (Fe.O.), siderite (FeCOt=FoO 
S2.1%, COi 3T.9%J. Early in the burn- 
ing process these ores are chanired In 
chemical composition and the oxides of 
Iron remain. These oxides of Iron In 
the burning process have certain elleota 
on the coloring ot clay ware, fluxinv 



CLAT PBODHCTS CTCLOl 



1 and ttila Is descrlbeil 

anaer aaothar head. (See BurnlnK, 
factors Important to.) As a flux. Iron 
lowers the tuslng point of a clay and 
forma Iron Hllieatea of lower meltlns 

tolnta. A low Iron content Is desirable 
1 refractory claye because of thla 
auxins action, and In whiteware olays 

because of tbe ' — ■• *- —' — '*■- 

ware, nhloh In 

undesirable. TL .. ._ 

burned clays is described In another 
Item. (See Iron, coloring action of, In 
unburned olay.) 



SBB— mOIT. COLORIMO ACTIO 
IN UltBITRNBD OLAV. — Clays 
Bbow a yellow or brown dlscolo 
due to the presence of llmonlte: 
red ooloratfon. due to hematite: 
netlte Is rarely present tn su 
quantity to color tbe clay; side: 
pyrlte may color It Kray, and 
likely that the Kreen color of 
clays la caused by the ureset 
silicate of Iron, this belns partti 
true of slauconltlo clays. Inten. 
color, however, Is not always . 
tlve of the amount of Iron preB< 
the same amount of Iron may, : 



„ 'T.—A lifting Jack Is 

a device for raisins any weight by 
supporting It from underneath. One 
or more are Indlapenaable for setting 
machinery, making repairs or replace- 
ments, etc. The screw and the lever 
or pump Jacks are the types used most. 
The screw Jack consists of a bottle 
shaped casting which la hollow. The 
tot) of this hollow space Is fitted with 
a square threaded screw Into which 
a spindle with a correapondlng screw 
works. On lop of this spindle there 
Is a collar which Is loose and la kept 
In contact with the article to be raised 
or lowered. The spindle Is turned by 
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t of (rlo- 



lowers the object. . 

tlon and the smalt li ._ 

a screw Jack will sustain Its load at 
any point. Tbe lever Jack baa a aquara 
lifting bar with teeth on one aide In- 
stead of tbe screw spl&dle of the screw 
lack. A lever raises or towers this 
bar one tooth at a time and a catch Is 
provided for holding It In position at 
each tooth. Both screw and lever Jacks 
are suited for handling moderate loads, 
the lever Jack being taster but the 
screw Jack belnK steadier and more 
reliable where there la danger of a 
mishap. Both types are made In a 
variety of oapacltles. the house mov- 
ing Jack being a variation of the screw 
Jack. For handling heavy loads 

feared and hydraulic Jacks are better. 
he former Is operated by a lever 
working thru a set of gears by which 
the force Is greatly amplified. The 
hydraulic type of Jack has a lever 
which acta like a pump to Increase 
the pressure exerted on a liquid by a 
BiDBll piston, This pressure Is trans- 
mitted to a much larger piston, and 
thereby the force of the Jack la greatly 



they are wonderful and c 

vices when It la consldereo icuii. aj 

them one man can raise and lower 

loads of several tons. 

HANUFACTURBB (Bee catalog aec- 
Had field -Pen field Steel Co. 



sea — JAPANESE FORCBLAI 

very white, translucent ware, ( 
terlied by high feldspar and lo 
content; reproduced In France 
new Sevres body (also see Chli 



refers chiefly I. 
sugar bowls, etc. Jet ware li 
posed of a good class of re< 
= — '"- - 'nt black glase, th 



JIB CRANB, I 






MO-^nGOEREITO AND JOLLl 

Potters' terms. Jlggerlng la thi 
ess of shaping most conuuonl: 
In forming tableware on a Jlgg 
chine, whrch consists ol a splnd 
vlded with a head. Into which tb 
Is ntted, and which must run p< 
true. Attached to an Iron SUPP 
hind the turning wheel la a c< 
balanced arm, that swings u 
down on a pivot. This lever i 



It 



in 



Izontal position, when It Is i 
- „. This — 



by i 



the plaster rootd forma the face 
ware, and the steel tool Or 
forms the back or exterior. 1 
low ware — cupB. bowls, etc., th 
forms the exterior and the t< 
Interior. By placing the sheet 
nrmly upon the revolving mo 
lowering the tool tbe desired si 
quickly prodi 



, - - - The thicki 

the piece Is readily adjusted by 
of a set screw which detennlt 
position of tbe arm. When the ] 
formed, the mold Is rsmovsd fr 
head of the Jigger and placed 
drying room, and It then goes tl 
flnlahlng process. 



K 



B Clay and Kaollnlte. 



I of alumina, chemically 



ulna, and 1).9% wat 



referred to as a substance 



_.i the monocllnic system, 

the crystals taking the form of small 
hexaaronal plates, with a hardne— ~' 



IS wide, and the Inside 
' concave about IH Inches 
■.r. This ring Is support 
In place by three rings wht 

diameters nt the Inside 
1 TinK- Heavy springs 

tension nt alf times bstw 

i small rings and the on 

The machine operates l 

' thru one of the imall 

»f Us''contact J"^* '1"^* 

"s'th::th":r'^s'm^n«thei« 

'' Tings <" 



Keyseater 
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makingr possible hisrh speed operation 
or heavy pulls. The large majority of 
sprockets and pulleys for clutches are 
also fastened to a shaft by means of 
a key. There are several types of 
keys described and illustrated here- 
with. 

The saddle key as shown in Draw- 
Ing A is used only when the holdinsr 
power is small and where it is not 
desirable to cut or mar the shaft. 
This key is hollowed out to fit the 
shaft and holds by friction alone. 
Keys in this deslsrn never erive any 
trouble when removing: 'pulley from 
shaft. They are used on some of our 



in a handmade keyway. A portable 
shaft keyseater is a very grreat con- 
venience in a case of this kind, and 
its operation does not require as high 
a errade of mechanical skill as does 
hand cutting. A frame is clamped 
onto the shaft which holds four boxes. 
In these boxes four steel rods which 
carry the cuttingr arrangrement travel 
back and forth for the lengrth of the 
out for which the machine is fitted, 
grenerally 12 inches. The cutting: ar- 
rangement consists of mill cutters 
which are interchangeable for the va- 
rious sizes of keyways. The proper 
size of cutter is mounted on a casting 
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very smallest power driven machinery. 
The fiat key (Drawing B) rests upon 
a flat which is formed on the shaft 
to receive the key and therefore has 
a greater holding power than the key 
Just described, when repairing most 
of the smaller power equipment on the 

giant, this type of key can be used, 
ecause it is not necessary to cut a 
keyway. A flat is flled on the shaft, 
as shown in the figure. 

The sunk key (Drawing C) is the 
most common form used where .the 
forces to be resisted are large. A 
slot called a keyway is cut length- 
wise in the shaft, and another to cor- 
respond is cut in the piece to be se- 
cured. The key is then fitted to the 
opening formed by the keyways. The 
cutting of keyways is a machine shop 

iob; sometimes, however, this Job can 
le done by using the cape chisel and 
flat chisel. This Ls a very difllcult 
and trying operation, so it is not rec- 
ommended. This type of key can be 
tapered or straight. The taper key is 
sometimes provided with a head, as 
shown in the figure, to facilitate Its 
removal when the point cannot be con- 
veniently reached for the purpose of 
driving it out. This headed key is 
known to the trade as a gib headed 
key. • The amount of taper to tnese 
keys is usually about %-inch per foot 
of length. 

The square key is shown in Draw- 
ing D. This key should fit accurately 
on the side to prevent the key from 
rolling over in the key seat. It should 
be fitted to bear lightly on the top 
and bottom. These keys are made 
from square soft steel stock, and it 
is not necessary to do much filing or 
fitting If the keywfiys have be*»n cut 
properly in the pulley and on the 
shaft. This key will be found on 
some of the larger power machinery 
in the clay plant. 

The Woodruff key as shown in 
Drawings E and F is a new type of 
key which is used mostly on tractor 
engines and finds little use in clay 
products manufacture. (See also Key- 
seater, portable shaft.) 

MANUFACTURERS (see catalog sec- 
tion): 
Link-Belt Company. 
Weller Manufacturing Co. 

370— K EY8E3ATER, PORTABLE 
SHAFT. — Many times after a plant Is 
erected a pulley or gear must be moved 
to another location, and if it has been 
fastened to the shaft by a key, it is 
often necessary to cut a new keyway. 
It would be impractical to dismount 
the shaft and take it to the machine , 
shop and cutting the keyway by hand 
tools is a long and tedious Job. It 
is often hard to obtain a perfect fit 



which slides back and forth with the 
four steel rods spoken of above. Port- 
able keyseaters are made to be driven 
by hand or by any type of electric 
current available, as a motor can be 
mounted on the cutter slide. The feed 
is automatic and the machines are 
made in several sizes to fit shafts up 
to 12 inches in diameter. 

MANUFACTURERS (see catalog sec- 
tion): 
Link -Belt Company. 
Weller Manufacturing Co. 

871»KIlBSE:i4GUHR. — ^A dlatomaceous 
earth used largely in the manufacture 
of insulating brick (see Brick, insulat- 
ing). Kieselguhr is formed by the 
precipitation of diatoms, which are 
aquatic plants and which grow in all 
waters. Over 4,000 distinct forms of 
diatoms have been recognized, varying 
in size from a plnhead to a minute 
particle hardly visible thru a micro- 
scope. These diatoms multiply rapidly 
and fioat around until the organisms 
die and the shells accumulate. The ac- 
cumulation of these shells is generally 
contaminated. In California, an im- 
mense deposit of fairly pure grade is 
found. In its natural state, kieselguhr 
contains 25-40% moisture, which is ex- 
pelled at 100 deg, C. (212 deg. F.), and 
is pure white to brownish in color, 
very light in weight, and a soft, easily 
abrasive material. Kieselguhr is used 
extensively in the manufacture of 
lightweight tile, brick, partition tile, 
as a filler for any kind of bonding 
material, and as an addition to Port- 
land cement. It is also used as a 
thermo Insulator. 

The microscopic or dead air cells 
within the diatom prevents the pas- 
sage of heat, making it one of the 
most effective insulators known. It is 
also used for many other purposes. 
It is a component of some of the in- 
sulating cements and brick, now on 
the market. 

MANUFACTURERS (see catalog sec- 
tion): 
American Dressier Tunnel Kilns, Inc. 
Cellte Products Co. 

872— KILN. — A kiln is a large fur- 
nace or heated chamber or series of 
chambers — round, oval or rectangular 
ia shape, and built principally of brick 
— which is used for the purpose of 
thoroly drying, hardening and burn- 
ing clay wares. Kilns may be divided 
into twQ main classes, intermittent and 
continuous, each class being subdivided 
into a number of general groups, as 
up-draft, down-draft, horizontal draft, 
etc.. as Indicated In structural and 
operative detail presented in various 
kiln entries that follow. 

62 



BUILDERS (see catalog section): 
American Dressier Tunnel Kilns, Inc. 
Bonnot Co. 

Hadfleld-Penfield Steel Co. 
International Clay Machinery Co. 
Rodgers, L. E., Engineering Co. 

S78^KILN ACCfiSSORIES^-Classed 

under this item are the irons and 
bands for bracing the kiln, including 
patent methods of fastening the bands, 
the grate bars, fioor tile, fire brick, 

Keep hole blocks, iron frames for the 
oles in the crown, covers for these 
same holes, castings for continuous 
kilns, clinkerlng bars, scoops, skew 
blocks to support the crown, arch 
blocks to use in place of brick in the 
fire box, dampers, etc. 

In many down-draft and continuous 
kilns the holes thru the crown are 
constructed of fire clay blocks in order 
to make the crown more permanent. 
(See also Fire brick.) 

MANUFACTURERS (see catalog sec- 
tion): 
American Dressier Tunnel Kilns, Inc. 
Brown Instrument Co. 
Caldwell Co.. W. E. 
Hadfleld-Penfield Steel Co. 
International Clay Machinery Co. 
Robinson, Frank H. 
Rodgers, L. E., Engineering Co. 
Toronto Foundry & Machine Co. 

874 — ^KIIiN, BISCUIT AND GLOST-— 

These kilns are used in the manufac- 
ture of earthenware and chinaware or 
porcelain. After having been shaped 
and dried, the pieces of ware, still in 
their clay state, are burned in the 
biscuit kiln; then, after having been 
decorated and dipped into the glaze, 
they are transferred to the glost kiln 
where the firing temperature reaches 
the peak necessary to convert the glaze 
into a vitreous, translucent, integral 
part of the ware. . ^ . 

Kilns employed for biscuit firing are 
generally of the up-draft type, and 
range from 14 to 24 ft. in diameter, 
interior measurement. The height 
from the center of the fioor to the 
center of the crown may be 17 ft. or 
more. Biscuit kilns, as a rule are 
larger than glost kilns, many of the 
former being 18 ft. in diameter, while 
the latter run about 14 ft. In England 
and (Germany down-draft kilns are 
successfully employed for biscuit fir- 
ing, but this style has not found gen- 
eral acceptance in this country. The 
stack is commonly built on the kilns 
proper in the form of a ht>od. The 
furnaces are usually seven to nine in 
number; From kiln fioor to top of 
stack, the height Is ordinarily about 
60 ft. In the up-draft types, the fiames 
from the furnaces reach the burning 
space proper partly thru large open- 
ings, or bags, around the circumference 
of the kiln, and partty thru small 
openings in the kiln fioor. In the 
down-draft types, the entire volume 
of gases is forced to rise thru the bags 
toward the crown and to escape thru 
openings provided in the kiln fioor. 

The ordinary pottery kiln for burn- 
ing earthenware and "hard" biscuit 
china is composed of one chamber. 
For "easy" biscuit firing, the kiln, or 
oven, is built with two and sometimes 
three chambers, one above the other, 
the fire being applied in both cases 
to the lower chamber only. In the 
case of "hard" fired biscuit, the tem- 
perature is run up to a very high 
degree and beyond that to which the 
second, or glost, firing is taken. In 
this case the "green" wares (or 
modeled pieces of clay) are placed in 
the kiln In clay receptacles, technically 
known as saggers, and after the first 
burning must be well scoured and 
cleaned before being dipped in the 
liquid glaze and put thru the second, 
or glost, firing. 

By the "easy" biscuit process, the 
"green" ware Is placed in the second 
or upper chamber of the kiln or oven, 
thus utilizing the waste heat from the 
lower chamber. The lower chamber 
is used for firing the glazed ware. 
In cases where three chambers are 
built In one oven the top chamber is 
used for burning the fire clay cases, or 
saggers. The biscuit ware taken from 
the second chamber after burning is 
not very hard and can easily be broken 
between the thumb and finger. After 
being dipped in the glaze (which is 
composed chiefly of the body materials 
with a large proportion of fusible 
elements), the ware is placed in sag- 
gers in the lower chamber and car- 
ried to a high degree of temperature, 
thus producing a homogeneous mass 
of body and glaze as the finished prod- 
uct. 
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BUILDERS (see catalog: section): 
American Dressier Tunnel Kilns, Inc. 
Rodgrers, L. E., Engrineeringr Co. 

876 — KILN, BISCUIT AND OLOST, 
PLACING. — ^Biscuit-kiln placing is the 

f process of putting: the finished ware 
n the sagr^ers, and placing: the filled 
8ag:g:erB in the kiln, or oven. These 
8ag:g:ers are usually placed one above 
the other, each being: carefully sealed 
by wads of clay. The firing: chamber 
of the average kiln ranges from 16 
to 17 ft. in herg:ht and from 16 to 18 ft. 
in diameter, and holds from 2,000 to 
3,000 8ag:g:er8, according: to their size 
and capacity. After the kiln, or oven, 
has been filled, the door is hermetically 
sealed and the iron bands clamped 
tog:ether. The process of the first fire 
occupies from 60 to 66 hours, according 
to the size of the kiln, the kind of 
ware to be fired, and the amount of 
heat required. These kilns are cooled 
g:radually (for a period of about 48 
hours) before the ware can be handled 
and removed. 

Gloat-Kiln Flacliiff. 

The ware when dipped has the ap- 
pearance of being: covered with a coat 
of whitewash, the brilliancy or griassy 
effect being: produced in the process of 
firine. The dipped ware is taken from 
the dipping: room and again placed in 
sag:g:ers especially prepared for this 
purpose. The inside of these sag:g:erB 
is coated with a thtn film of cheap 
g:laze composition. The ware itself 
must be separated one piece from an- 
other; otherwise in the burnine pro- 
cess the g:laze would melt and bind 
the articles together. This separation 
is accomplished by the use of stilts, 
pins, spurs, and thimbles in the case 
of earthenware, but separate sag- 
gers must be used for each piece of 
chinaware. For example, in earthen- 
ware, a single sagger will hold, say, 
seven 3-in. plates; but with china it is 
necessary to use seven small individual 
saggers. In the latter the plate rests 
on its own feet, having first been wiped 
clean of glaze; in the former the rim 
of the plate rests on three points of 
the pins or thimbles, and thus the 
plates can be placed one above the 
other. Glost-kiln placing requires a 
little more care and experience than 
biscuit-kiln placing. 

BUILDER (see catalog section) : 
American Dressier Tunnel Kilns, Inc. 

876— KILN BRACING.— All kilns 
must be braced to counteract the ex- 

Bansion due to the heat on the inside, 
^p-draft kilns need less bracing than 
down-draft, and usually the side walls 
are made heavy enough to take care 
of this. In down-draft kilns, whether 
rectangular or round, and also in pot- 
tery kilns, special bracing must be 
placed at the skew line of the crown 
to counteract the thrust of the crown 
when the heat is raised to the de- 
sired point. The fire boxes and the 
walls at the level of the fioor line 
also need special attention on this 
subject. Continuous kilns and tunnel 
kilns must also be braced especially 
to counteract the thrust of the crown. 

MANUFACTURERS (see catalog sec- 
tion): 

Caldwell Co., W. E. 
Hadfield-Penfield Steel Co. 
Toronto Foundry & Machine Co. 

877— KILN, CONTINUOUS^— The cen- 
tral idea in the construction of the 
continuous kiln is to utilize as much 
ot the heat of the waste gases and of 
tlie cooling ware as is possible. This 
is accomplished by Joining together a 
number of compartments so that the 
erases of combustion may be carried 
ahead of the burning chamber thru 
grreen ware which will absorb much 
of the heat that in other kilns is 
turned into the stack. The air for 
combustion to reach the zone of high- 
est lieat travels thru chambers of cool- 
ing: i^are. In this manner the con- 
tinuous kiln makes use (1) of a large 
amount of heat saved from escaping 
erases and also (2) utilizes the neat 
griven off by the cooling ware. 

TFPe« of Continooos Kilns. 

Of tlae several makes of continuous 
kilns used in this country, the essen- 
tial fea,tures of operation in all are 
similar. They are built circular, oval 
or rectangular in shape and contain 
a varying number of compartments. 
"Whatever the general outline of the 
kiln as a whole, the number of. cnam- 
bers is sulflcient to allow a space of 
a few compartments between the rear 



and the head of the fire for removing 
the burned ware and setting the green 
ware. In some types, the compart- 
ments are separated by brick walls; 
in others, no permanent partition walls 
are used. In the latter, the size of 
the chambers and the division lines 
between them are made by paper or 
wood partitions which burn out when 
the temperature reaches a red heat. 
In some continuous kilns, the draft 
is prevailingly downward; in others, 
upward. In all, however, the method 
of burning consists of carrying the 
fire continuously round thru a series 
of connected compartments; those com- 
partments in the rear of the hottest 
portion contribute their cooling heat 
to the entering air, and the gases 
ahead of this zone of greatest heat 

frive up their energy to prepare the 
resh ware for the advancing fire. 

Tke Dew Point. 

The limit to the distance which the 

f rases may be carried ahead of the fire 
s the point where they approach 
saturation. It is clear that in a con- 
tinuous kiln there is going on at the 
same time all three of the typical 
stages of the burning process — de- 
hydration, oxidation and vitrification. 
The gases as they finally reach the 
stack may have a complex composition. 
They may contain sulfur gases from 
the oxidation of sulfur in the coal 
and from the decomposition of sul- 
phates in the clay. Tney will contain 
water, both the hygroscopic and com- 
bined water of the clay. It is the 
f presence of water that determines 
argely the distance ahead to which 
the gases can be carried safely. Their 
heat is taken up to a great extent 
by the evaporation of moisture, and 
they become rapidly cooler as the 
humidity increases. They can not 
economically be allowed to reach the 
dew point, as the dew point is univer- 
sally acid, and. in addition to the other 
harmful effects ascribed to an acid 
dew, an abundance of it would prob- 
ably result in the softening of the 
ware. The gases must therefore be 
turned into the stack before their dew 
point is reached, and preferably while 
their temperature still sufllciently ex- 
ceeds that of the atmosphere to create 
a draft. It is the effort of continuous 
kiln designers and burners to approach 
this limit as closely as possible with- 
out overstepping it. 

Location of Stack. 

The necessity of operating the con- 
tinuous kiln with stack temperatures 
much lower than in the periodic kiln 
makes it necessary to build the stacks 
larger and higher in order to furnish 
ample draft. This is also required be- 
cause of the distance the gases have to 
travel, oftentimes thru devious fiues 
and also thru large amounts of ware. 
Frequently the stack is located in the 
center of the kiln, sometimes at the 
end. In most makes of continuous 
kilns it is not necessary to place the 
flues that lead to the stack below the 
level of the kiln fioor; therefore the 
cooling effect of underground fiues on 
the gases passing thru them is avoided 
and no heat is lost by the absorption 
of moisture from the soil. 

Firing tke Kiln. 

In many continuous kilns the fuel, 
which is commonly slack coal, is fired 
right among the ware, being charged 
thru small openings in the top of the 
kiln. The setting is usually such that 
the coal is distributed from top to 
bottom by portions of it lodging on the 
projecting brick of different courses. 

In burning face brick or other higher 
grade wares that would suffer from 
contact with the fuel, furnaces are 
used. The fuel is charged from above 
as before but within small compart- 
ments or bags from which only the 
gases pass among the heated ware. 

It is practically impossible in the 
continuous kiln to separate sharply the 
typical stages of burning. The chem- 
ical reactions characterizing the differ- 
ent parts of a burn are aLil going on 
at once. Dehydration, oxidation and 
vitrification are taking place in the 
same kiln atmosphere. Experience has 
proved that while certain parts of a 
burn may be hurried, others should be 
carried on very slowly. Thus, it is 
frequently found necessary to hold 
back one portion of a continuous kiln 
while other parts are prepared for 
the advancing heat. To avoid such 
trouble auxiliary fireplaces are some- 
times supplied in which fufti ig burned 
to heat up the wet w^^V ab®** ^^ 
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the main fire. In other instances, 
warm air is brought from the cooling 
chambers and turned in ahead of the 
fire. This is only possible where the 
ware will stand more rapid cooling 
than the air passing thru ft to supply 
the fire will bring about. 

Continuous kilns are built for burn- 
ing all classes of clay ware in vary- 
ing capacities. See other items about 
continuous kilns regarding firing by 
producer gas, side-fired coal, etc. The 
above is the movable lire type kiln. 
(See also Kiln, tunnel.) 

BUILDERS (see catalog section): 
American Dressier Tunnel Kilns, Inc. 
Hadfield-Penfield Steel Co. 
International Clay Machinery Co. 
Rodgers, L. E., Engineering Co. 

BUILDERS' ANNOUNCE- 
MENTS : 

International Clay Machinery Com- 
pany, Dayton, Ohio. Continuous 
producer gas fired kilns either 
of compartment or moving fire 
tunnel type. Data on coal sav- 
ing possible thru the use of this 
kiln gladly furnished. 

87&— KILN, OONTINVOVS DBCORAT- 
ING. — ^A type of kiln used in England, 
Austria, and (more successfully) in 
Germany in burning decorated white- 
ware, earthenware, and china. The 
ware is placed in iron cages or crates, 
and after being entered in the kiln 
a crate of ware is finished in about 
15 minutes. Similar kilns are in opera- 
tion in earthenware potteries of the 
Netherlands, but, to date, no contin- 
uous decorating kilns have been in- 
stalled in any whiteware pottery in 
United States. One of the English 
kilns has a continuous gap three inches 
wide in the center of the roof of the 
tunnel thru which pass 28 hangers. 
These hangers support 28 platforms 
on which the baskets holding the ware 
are placed. The hangers are attached 
to an iron superstructure above the 
kiln, carried by a central pillar that 
revolves on ball bearings.. There is 
but one charging door for placing in 
and removing the baskets of ware, and 
there is only one firing moulfti. To fire 
the full outfit of 28 oa8:es of ware 
requires about 9 hours and 20 minutes, 
as compared with 20 hours in a reg- 
ular box kiln. About five tons of coal 
is used for this charge as compared 
with 20 tons in the regular kiln. The 
continuous kiln required a coal costing 
14.26 per ton, agrainst coal costing S3.63 
per ton for the regular box kiln. 
American and English potters in gren- 
eral contend that the continuous dec- 
orating kiln has not been demonstrated 
to be thoroly practical, but if con- 
tinuous biscuit and glost kilns can 
be put Into successful operation, they 
no doubt will be universally adopted. 

BUILDERS (see*'catalog section): 
American Dressier Tunnel Kilns, Inc. 
International Clay Machinery Co. 

BUILDERS' ANNOUNCE- 
MENTS : 

International Clay Machinery Com- 
pany, Dayton, Ohio. Continuous 
producer gas fired kilns either of 
compartment or moving fire 
tunnel type. Data on coal sav- 
ing possible thru the use of this 
kiln gladly furnished. 

879— KILN, CONTINUOUS. DESIGN 
AND CONSTRUCTION OF FOUNDA- 
TIONS. — There are two very important 
factors in the design and construction 
of this type of foundation; first, the 
weight of the structure; second, its 
continual movement. When calculating 
the weight of the load the foundation 
will carry, the figures must be based 
on the kiln filled with ware. It is 
never safe to figure on a load of less 
than 100 lbs. to the cubic foot; it is 
safer to figure 160 lbs. 

The valley bottoms on which kilns 
are generally located are often com- 
posed of sand, sandy clay or clay 
washed from the hillside. Very often 
these materials offer a treacherous sup- 
port for a heavy structure, especially 
when every effort must be made to 
prevent unequal settling. 

If a rock or shale bottom cannot 
be reached without incurring gnreat ex- 
pense, consult an engineer^ table to 
find the allowable load for the type of 
material on which the kiln is to be 
built. It will then be a simple matter 
to figure the area which the founda- 
tions must cover in order to support 
the kiln properly. Where very soft 
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KTOund la enoountered. It tn»y be n«e««- 
-T build a "raft" of — — 



anKlneer. Avoid "standard" kiln de- 
al kh'i dravn up without reference to 
the job In hand. Also avoid Bta(K«r- 
Ing repair bills by bulldlnc a fouada' 
tloD beavy enouKh to support flne walla. 



This Is an error. Wben a 

under Are. heat lufllclent to e-_„ 

water will penetrate to a depth of 



. feet. 



1 and on approxt- 



No. 2). Another method (sea Vlg, 1 
"- .- .- build the entire '"- — - 



chamber or tunnel. 

It of this vapoi 
It Impossible tt „ _ 

: of the bottom courses beyond 
the salmon atBKe. This causes a se- 
rious loss o( ware, reduces the burn- 
ing speed, and Increases fuel and labor 

A kiln bottom should be drained to 

a depth of 10 or IS ft. by runntns' 
4-ln. tile dralna from IS to 14 Ins. 
apart under the -whole bottom of the 
kiln. These drains should not have 



thick bed of 

far enough out from tae waiis to in- 
sure dryness In the ohamber or tunneL 



3 of the water that Is 



-_-..- nands) and should extend from 
the grade level to a depth of IS ft. 
On tlie side of this wall which faoes 
the hill a dralnag'e system (see Flc- 




floor and ware; these Items should 
always be part of the general founda- 
tion plan — not separate. 

It IB also Important to provide "back- 
Ing" for the foot of the batter walla; 
otherwise there Is nothing to prevent 
the batter wall from shearing off at 
thlB point whenever it gets "■" — 
panel on thrust. There are - 



main draft 



Fig. S. Method at CaBjttrnetlBK ^emthrrnroot Battom. 



the kiln. 



a slight 

11 ui. air 111 Liin System and 
the rise of vapor to the ktln 




Fig. 3. Method < 



ComatracttBg IVCathervroof Bettena. 



original location. See Pig. No. 1 for 
method of providing a footing for 
batter walla. 

Drainage Importaat. 

Most kilns of his type are built 
with so d fioo s wh ch -' — — ■■- 
the claywo ke o h nk 



I drainage 

a well or 
I keep the 



F*. 4- BulaMe Wall In 



^tt,**"* 



Dralaage Thrs 




BUILDERS (see catalog section): 
American Dressier Tunnel Kilns. Inc. 
Hadfltrld-Penfleld Steel Co. 
International Clay Machinery Co. 
MANUPACTURERS" ANNOUNCE- 
MENTS; 
' International Clay Maoblnery Com- 
pany, Dayton Ohio. Continuous 
producer gas flred kilns either of 
compartment or moving flro 
tunnel type. Data on coal sav- 
ing possible thru the use of this 
kiln gladly furnished. 
380 — KIIiN, CONTINDODS, DKSIOIf 
AND COKSTHUCTION OF MAUT 
WALLa. — Two types of exterior walls 
are used In continuous kiln oonstruo- 
tlon: (1) the straight, buck-stayed 
type, like those of the ordinary rec- 
tangular kiln; (S) the battered type 
which requires no buckstays. There 
Is practically no dlfterenoe In cost, the 
rhifiiTx.Bi qt the batter wall being 
counterbalanced by the Iron 
of the straight wall. The 
• BL-aii BBvea yard room, and 
.arance. The thlck- 

,_ ^. wall provides better 

ulatlon, but a straight wall may 
provided with 4 Ins. or more of in- 
atlng brick. One consideration Is 
with the thick walls the transCer 
men and wheelers must travel fur- 
ther: this takes time and Is a fixed 
charge as long as the kiln lasts. In 
deciding on tlie construction of tlie 
walls, the type of kiln and the loea- 
" must be carefully 

to build the side 
In-three batter on 
led aide, while the 



has a better e 



g built with c 






bblBh; .. _ . 
I become Ini 



percentage of 
ifflclent and aome 
n more or less complete wrecks, 
lack of knowledge on the part 
builder, or poor workmanship. 
xne fact that the outer and inner 
walla expanded differently on acoount 
of the difference in temperature was 
overlooked, with the result that the 
brace walla were tied to both. These 
were soon torn to pieces., leaving only 
a lot of loosely packed rubbish to 
keep the walls at the proper distance 
-_. .,.- . ,n pYa, 



of the 



and the 



... the loose 
the ■ 






The brace wall I 
experts because I 
that In the great 



condetuned amony 
has been proven 
majority of caaea 



rincipal Idea of the heavy irall 
..._..__ ^ thinner and strong-ei- 
ullt solid, with an iDner 
ulatlng brick, that will 



TCQii 



Klv« better reaulta, ao far aa Inaulatlon 
la aoneemeiL alao better buma, longer 
1ir«. and will coat laaa, 

FlK. No. 1 BbowB tbe beat metbod of 
construct I HE' "flllad" walla. 

The outalde or batter wall ahould bo 
13 lD>. thick, with mortar lolnta at 



right 



1 n^ e" r 
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thouaands of minute expanalon Joints 
In the length of the kllD. 

Tbe outalde 13U Ina. ol thla wall 
ahould be laid up fn a mixture of B0% 
three-to-one Fort! and cement mortar 
and 50% thrae-to-one lime mortar. 
Ttaia mixture has given excel lent re- 
aulta wbere both Portland cement and 
lime mortare failed. A lime mortar 
would do the work If really given A 
chance to harden before being sub- 
jected to heal. A clay mortar doea not 
Kit autSclent heat In the outalde ot 
e wall to harden: It merely dries 
and loBBB Ita hondlne aualltlea. 

Eipanalon Jolnta lU Ina. wide ahould 
be left m the tunnel walla every SO ft. 
These ahould always be made to coma 
In the center of one of the brace walla 
Which extend from tbe outside walls. 
Balldlng Brace WalU. 

Brace walla ahould be built between 
the batter walls and tunnel walla on 
2'ft. centers. Brace walla ahould be 
13^ Ina. thick and tied to the batter 
wans, being bonded perfectly with 
" ""' mortar Jolnta running 



Fig. 1. SeettoB of Wall. 

every fourth courae. All brick ahould 
be hard, and the mortar a mixture 
of three parts sharp, clean a and to one 
part Portland cement. To Improve Its 
. 1. ii.i._ ]((^ q( ][„g putty 



before the mortar reachea any way 
near ita maximum atrength. The Inner 
or tunnel walls proper should be not 
leaa than 2T Ins, thick, and laid up 
with alternate header and atretoher 
courses thruout. No other bond should 
ever be used, aince theaa walls are 
continually "rolling" forward and back- 
ward thru eipanalon as the fire paaaes 
around the kiln. The Inner side of 
the tunnel wall should be lined with 
brlak of a refractorlneaa suitable to 
the material to be burned. This lining 
never should be of common brick. 
Ordinarily, aecond or third quality 
brick are sufficiently refractory, and in 
caasR where only ordinary beata are 






hard brick should be used — avoid 
"bats" and soft culls. 

The brick (both refractory and com- 
mon) on the Inner half (or 13^ Ina.) of 
the walls ahould be laid up In Are olay, 
or fire clay and ahale dust. Tbe hori- 
zontal dolnta should be aa thin as It 
Is possible to make them with a trowel 




Door CoaatrnctlOB, 



horizontal expansion of the kiln. After 
burnlnSr each Joint will shrink about 
10% ot >t> greeh width, thus providing 



should n 
The) 



e tied t 



These walls 

the tunnel walls. 



_j they 

really take the place of the Irons on 
a rectangular down-draft kiln. They 
both keep the tunnel walls In place 
and take the thrust of the crown. 

Between batter walls and tunnel 
walla, the spaces are 11 1 led with ground 
_.__. __ - _. J ^f ground clay and 



the walls 



This tilling abould I 



betor 



the 



Is sufficiently strong 

allow Its being tamped lightly to In- 
sure Ita belnB' solid. 

Shale or clay, put tbru a dry pan 
or other grinder, makes the best filler. 
It should be just damp enough to 
form a ball when squeezed In tbe hand. 
This kind of filler will harden into a 
solid mass and not work Into every 
crack ot the brickwork and tear the 



wall, laid with I 



I Is glv 

iilte Ire 



ned top and bottom with whole brick. 



Fig. 3. Scctlok of Solid Wall. 

Where double tunnel construe tlon la 
used (two tunnels side by side) the 
tilling between the tunnel walls should 
always be of solid brick, i^cb tunnel 
wall should be built separately, with 
the brick Oiling between Independent 
of them (see Fig. No. 4). To tie these 
walls together will wreck any kiln 



Fig. 4. Seetioa Tkri 



Inside Wall DouMe TdubcI ConatracttoB. 



walls. A triple rowlock. Fig. No. 2, 
Should be used In door arches. Too 
much care cannot be given tbe con- 
struction of door walls. 



_ _ _ _ _ _ with solid 

brick (aa shown In Fig, No. S> results 
In a decided Improvement. There la 
little dlRerence In cost, especially If 
No. 2 brick are available. The con- 
struction of batter and tunnel walls 
Is the aame as previously described, 
but the brace walls are left out and 
what might be called a contlnuoua 
brace wall Is built In tbelr stead. 

The Inner section of the wall is a 
continuation of the batter wall, the 
bond being continued thru the entire 
thickness. It should be built solidly 
agalnat, but not tied to, the tunnel 
wall, the latter being free to move 
back and forth. The outer 13 Ina. 
ot tbe batter wall should be laid up 
In cement mortar, the balance being 
laid In lime-cement or "spiked" mortar. 
Oreat care must be taken to have all 
brick laid up In full mortar Joints. 
Slushing the mortar over tbe course so 
as to nil the Joints will not do In 
continuous kiln construction. Close, 
neat brick-laying, and the use of brick 
chips rather than mortar to till up 
wide Joints or cavities, ihould be In- 



fled, the construction ahould ._ 

same as that described tor the tunnel 
kiln. The expanaion Jolnta ahould be 
located at the points where the cross 
walla which separate the chambers are 
set Into the side walls (see Fig. No. t). 



KIg, 5. ShowlBg LocatloB of EIxra>- 



The same construction Is used In 

straight kilns. 

ThiB Insulated ITall Best. 

When straight walls are to be used, 
a thin Insulated wall will give yard 

rnnm and nrnpllpallv nrevent radiation 

m the viewpoint 
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of appearance, space, worlcInK condi- 
tions, and rapidity ot construction, the 
tbtn Insulated wall Is best for the 
chamber-kiln side walls. It requires, 
however, the utmost care In construo- 
tlon. Straleht walla should never be 
leHH than 36 Ins. thick. Also, Instead 
of bulldlns the Inner wall eeparate 
from the outer, as In the tunnel kiln, 
the entire wall Is tied toEsther as In 
the case of a rectangrular down-draft 
kiln, with alternate courses of stretch- 
ind headers (see Fig. No. E). 



The header i 
should I 



nesB and quality i 



must 



helffht of the door-arch skew- 
and extending from door open- 



a top ot the kiln. 



■cl and Okwaher 



brickwork In kill 



producer gaa fired kilns either of 
compartment or movinK Are 
tunnel type. Data on coal sav- 
ing possible thru the use of this 
kiln gladly furnished. 
S81— KILN, CONTIGUOUS, DESIGN 
AND CONSTRUCTION OF PARTITION 
WALLS. FLUB WALLS, ANH CROW^N. 



—The 

the Cham be 



the thruBt 






_.vtde 

. difaoulty In 



walls are bull! the sas 
.. _ leading from the dis- 
tributing nues, which dues are I "' 






n and parallel with the 

The down-takes are usually nine Inches 
square and open at the bottom Into 
the bag walls. 

The only safe method of construct- 
ing these small flues Is by the use of 
tongue and groove brick (see Fig. No, 
1). These brick make a perfectly ga*- 
tlght Joint. 

As partition walls are built up, tbe 
■ ' " " should be carried up 



tepara 



1 the 



^. j.ck that might del ..-^ . _- 

would not extend thru the partition 
wall proper. The flue walls need only 
be 4>i Ins. thick, and as tongue and 

groove brick are made very « " '- 

.... .w,^ should ha dipped In t . ... 
walls should be li 



SeetloB ot Strslgkt W^all KIIb. Also S 



the c 



as the Insulator; 4H Ins. of this n 
rial would be sufBclent, but In oroor 
to get a perfect bond, It Is necessary 

and 9 Ins. on the header courses. They 
should be laid as shown, as they are 
not as strong as building brlok and 
this connection Is stronger than a 
straight bond. 

The principal Ingredient of the stand- 
ard Insulating brick Is a dlatomaceous 
earth known as kleeelguhr. Four 
Inches of this material Is equal to from 
" '" ' , and nine Incbea of It 



uld space ten feet c 



exerts an enormous thrust 
1 walls, and will quickly 
except the best c ' 



side walls, the 



In the case of 
where the chamber 
at right angles to ■ 
whole thrust ot frou. <. . 
must be taken entirely < 
and any accident t" " 

house of cards. 



ery of cham- 

__ __"' be' built" within the walls. It 
should be so constructed that the top 
of the arch comes entirely below the 
floor level. To build such tlues where 
they will have to take some of the 
expansion thrust. Is to Invite disaster. 



L. by fl-ln. down-take . . 

total wall thickness should be 



Fig. 1. ToBgnc 



■d Oroove Shavea. 



n sides of each 



Fig. T. Section ot 



Imd Batter Wall Showing Croa 



satisfactory results. They should also 
be set In heavy concrete footings to 
a depth ot at least three feet, and 
tied together at the top with lU-ln, 
rods having a turnbuckle In the center. 
Avoid tying beams to bottom of kiln 
walls by means ot a, ring-bolt and a 
plate burled In the masonry; this sim- 
ply fastens them to the wall they are 
supposed to hold. 

Six-Inch channels should be built 
Into the face of the wall, flat side out. 



Fig. No. T shows the p 



American Dressier Tunnel Kilns. Inc. 
Hadflplil-Penneld Steel Co. 
International Clay Machinery Co. 
BUILDEHS' ANNOUNCE- 
MENTS: 

1 Clay Machinery Com- 



comparatlvely i 



periodic kiln. The bag wall may be 
built as a continuous wall, but It 
should be thoroly tied into the parti- 
tion wall from top to bottom by means 
of Hi In. partition placed between 
each burner or pocket (see Fig. No. 3). 

Is provided with an Individual bas 
wall completely surrounding it, Tho 
face of a bag wall should be nine 
Inches thick and also be alternate 
header and stretcher courses. Baf 
walls In these kilns, when properly 
built, will last for years with only 
minor repairs. 
Fine Ck>n struct Ion. 



expansion and 



structlonal dittlci: 
be made part of 

another so that i 



lectlng one flue to 
t arch, wedge ami 
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rectang'ular shapes required to make a 
perfect arch. The use of straights 
alone will invariably lead to trouble 
and repairs. Manholes, B'lvlng- access 
to the main and water-smoklnff flues, 
can be left so as to make It an easy 
matter to ttet Into them. 

A difterent problem Is met with In a 
Kas-flred kiln; and In late deslsns. all 
gas and water -smoking: flues are car- 
ried In the walls. In older models o( 
the chamber type, the main gas flue 
and water-smoklnB' flues were carried 
on top of the kiln, and made of steel 
with a brick lining. This prevented 



FIs- 3. Skonl>c Location of BxyaB- 

■llH) JalBtS. 

loss oC heat and gas leaks, and as they 
could expand and contract freely with- 
out reference to the kiln, they gave no 
trouble. 
Brick Gas Flnea Hard to Build. 

The walla of the main gaa flue, which 
always runs full length of kiln, should 
be built of tongue and groove brick, 
should be nine Inches thick, and have 
alternate header and stretcher courses. 
The floor of flue should not be tied to 
wall on which It rests, but should be 
free. The arch should be built with 
I care and with Joints as thin 



This brickwork should be i 
up on each side of flue with a 
straight, close Joint, without mortar 
between It and the flue. If the due Is 
to be surrounded by brickwork— that 
Is, placed low down In body of kiln — 
another arch should be thrown over 
the flue arch, but entirely separate 
from It. Such a flue will be free to 
move without reference to adjacent 
brickwork; and It must be free If It 
la not to be a constant source of trou- 

CDajstrnctlDg 'Water -SaiaklBg Flnea. 

The water-smoking flues, when built 
In body of kiln, must be constructed In 




The distrib- 
uting flues In a 
gas-flred cham- 
ber kiln, If 
trouble Is to be 
avoided, should 



and should be 
9 Inches thick. 
Brick should 
be dipped and 
mftlleted. The 

ticularly Im- 



bottom of 



Ftg. S. Bag Wall. 



loose, the arch kej 



the arch itself to such an extent that 
It must be rebuilt. This dlfflculty Is 
entirely overcome by the use of large 



To line a steel tube from 125 to BOO 
It. long with 9-ln. shapes Is an enorm- 
ous Job, and, when flnlshed. Is usually 
a "sorry" Job. A maaon cannot do good 
work with smaU units while sitting 
down or lying on his stomach, espe- 
cially by lantern light. When quar- 



__ slipped Into plai 
F?g.*No.°°B).*' 



Roller 



ESspaaslOB of Metal 






ipanslon of metallic flues Is 
ire of by means of rollers 
wnicn allow the flue to work back and 
forth freely. Special care should be 
taken at points where these flues make 
a right angle turn. At such points 



e to r 



llOB Tkra Gas DIstrlhatlBg 
t and Down Take. 



rollers with a plate be- 
be provided to allow the 

■oth directions. These 
t right angles to each 



e laid 



Fig. No. 
i-ln. steel balls, laid between two steel 

"When a metallic flue enters a brick 
flue, provision must be made to take 
care of the expansion of the former. 
If the metallic flue Is tied Into the 
brick flue it will soon destroy the con- 
nection and may damage the surround- 
ing brtckw 



mtlnut 



, the 



I the 



metallic f..._, .._... 
Into the brick flue and be allowed to 
slide back and forth In It. The Joint 
Is then mudded over when necessary. 
When a horizontal metallic flue Is 
connected to a vertical brick flue the 
bottom 0' ■■ '■ ' "' 



I oriCJi Hue, tna 
elbow should be 



' slide 






Bnlld Up-Takea Seitarat*. 

When vertical brick flues or "up- 
takes" are built to convey gas from 
underground flues to flues In upper 
part or on top of kiln, they should be 
made entirely separate from kiln walls. 
Such flues are often heated to fairly 
high temperatures, and must be al- 
lowed to expand freely; they should be 
built 13 Ins. thick with alternate 
courses of headers and stretchers. 
The corners should be fltted with 3-In. 
angles tor the entire height, and these 
angles should be tied every three feet 
with %-In. Iron rods. The Interior 
1 Vi Ins. should be of second quality 
Are brick laid up In a mixture of Ore 
clay and shale, the balance of the wall 
being laid up In three-to-one Portland 
cement mortar. The Are brick In the 
lining should be hard; the Joints thin. 
Producer gas will destroy a flue In a 
lew years unless proper precautions 

Underground flues, with the excep- 
tion of gas flues, serve the same pur- 
Eose In ooth coal- and gas-flred kilns, 
eing generally confined to main draft 

flues. Two points must be carefully 
weighed In constructing these flues; 
(1) they should be as tight (free from 
leaks) as brick construction can be 
made; <S) they must be very strong 

Draft flues may be constructed of 

subjected t 



No. 8) Is 13 Ins. thick, with a header 
and stretcher on each course, the head- 
er being reversed on every course, so 



t It Is outside 



Inside four Inches laid in clay or shals 



It is possible to make them. 




Joints should 
Rd ft. In all cross _ 
ft. long; 



left 



Joint Is simply mudded tight 



nery 40 c 

ise the flues will soon wrecic them- 
ilves and greatly affect transfer 
■acks and pavements above them. 
his also applies to long underground 
aa flues which expand greatly on be- 
ig "burned o"" " 




Flae KlbowB. 
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Sue to at Bnugl7. A wide trench, filled 
In wltb 1oo«e materials, will toon re- 
sult in a wrecked flue. Cor as soon as 
welKht Is put upon the arch the walla 
spread and the key of the arch is sone. 
More continuous kiln trouble result* 
from air leaks In fluea and walls than 
trotn all other eouroee combined. 

Underground gas flues should be 
built In the same manner as other 
underground dues, but should have a 
double arch, the upper ring 1>elag l«id 
In cement mortar. On top of this arch 
should be laid a covering of sand sev- 
eral Inches thick as a seal tor the gae. 

All underground Hues should be 
completed be7ore the kiln is put up. 
RccardlBK Crown of Klla. 

Experiments have shown that the 
same rules eppl; In continuous crown 
construction as In rectangular down- 
draft construction, with a height equal 




Fig. 7. Elbow t 



B-thlrd the width ot the tunnel or 

ber. Such a crown gives good 

capacity and best burning results. 
The crowns should be l)Uilt In the 

' ' ,er. The mortar 

lid on as thinly as 

, „ .-■ei and each brick 

malleted down to the course level. If 
the clayworker insists on dipping his 
brick, In no other way can he get what 
he wants except by specifying tb« al- 
lowable variation In size when buying 
the brick, both straights and shapes. 
The proper number of wedges and 
straights should be used to make the 
arch come up perfectly. The key must 
fit so eight that It will not go more 
than half way to Its seat when pound- 
ed with a hand mallet; it should then 
be driven home with a wooden block 
and sledge hammer. 
_On ^op of the^9-!n. crown a m-ln. 



arch should 



} solid to the top a 



BxpMBsloB Joints ll 



ft. I 



I same points at ^ 






have 

._. _,B of large IS-ln. Are 
ciay DiooKB. made to order, the units 
being as large as poHslhle for conven- 
ient nandllng. It the blocks are hard 
burned, of perfect fit, and are laid up 
with a dipped joint, drop-arch trou- 
bles will cflaappBar. 

When ccal-flred chamber kiln crowns 
are built of 9-ln. brick, the same con- 
struction rules as for tunnel crowns 
should be followed, except there Is far 
more reason for the use of the large 
blocks. In the chamber kiln the 
chambers are subjected to lineal ex- 

Knsion and to the thrust of the cham- 
rs on each side; this thrust has a 
tendency to "roll" them In the direc- 
tion of the advance of the Are. Most 
of the crown deformation has bean due 
tn the half-circle design, for It Is 

) higher the arch the 

an be crushed out of 

_ _t that any movement 

vhlch takes place In the crown must 
be in the mortar Joints, is another rea- 
son for using large blocks, as these 
eliminate a large percentage of the 
Joint- 

I made to flt perfectly i_ 

.. ™id the 

standard brick will prove a 
Buuivo of continual repair expense. 
Gas-Ffred KUna Hard fin Crowns. 

Experiments have shown that the 
S-ln. crown will not stand np for any 
length of time under the conditions to 
whrch the gas'flred kiln is subjected; 
In this case, the 13-ln. crown must be 
built. 

In the case of a gas-flred kiln which 
has flres only on one side of the ohoin- 
ber, there Is no question but that a 
long-lived crown can be built, but this 



taken in r-^_ 

en or slight the v 



Bracing CItowbb 



every precaution be 



obvious that t. 
more easily It 
shape. The tac 



In the coal-flred and double gaa- 
flred types ot chamber kilns it is ansy 
■' •—' - solidly between ea^ 



be placed aa high as possible and solid 
brace walla from one 
crown to another be 
built up to the bottom 
of the distributing 
flues. Any attempt to 



sain 



t the dis- 



tributing fluea 

suit In their being 

Filling over the tops 
of the crowns should 
not be done until the 
entire battery or kiln 
!s completed. The eas- 
iest method of doing 
this is to hoist a dump 
car to the top and run 
tracks the full length 
of the kiln. The ma- 
terial can then be 
spread evenly over the 
entire top. A kiln 
may be badly damaged 
by commencing at one 
end and fllllng in to 
the required depth be- 
a, as this throws an Im- 



brick laid in clay or shale 

II the work on this false 

la well done. It will add consld- 



ery 10 
■^ the 

These Joints should extend l __ __ 
•-in. crown only. The 4%-ln. false 
crown should cover the expansion 
Joints in the 9-ln. crown, but should 
have U-in. expansion Joints left In it 
at other points 20 ft. apart. On 
top of this Joint a rowlock of brick 
should be laid (see Fig No. 9). If 
the expansion Joints extend thruout 

I rowlock, trouble Is almost 
occur within a year or two. 

lovement of the crown 

shifts the loose brick covering the 
Joints and Anally one or more drop into 
them and wedge them apart, resulting 
in the shifting of the entire crown. 
Uoreover, as the brick covering shifts, 
the earth fllllng begins to work Its 
way Into the Joints with the same re- 
sult. At the Joints where the false 
orown covers the expansion Joints, flre 
brick should be used Instead of com- 
mon brick It the temperatures to ba 
attained warrant It. 

While a tunnel crown built of 9-ln. 
straights and shapes, with a covering 
arch of common brick, will giva per- 
fect satisfaction when properly con- 
structed, a better but slightly mora 
expensive crown can be built of 13H- 
In. arch blocks made to order for 
the required radius. These blocks 
should be marked by the manu- 
facturer and laid up according to blue- 
print. Such crowns represent the high- 
est type of construction. 
Drop Arches a Sonrce of Tronble. 

The best practice calls for an arch 
IS Ins. deep, and it is rather difllcult 




■tructur* which, In — - -—- 
oollaDse. Thla It espaoially 
ohamtiBr kiln. . _.„ 
Primarily, thta IHInK 



one portion of the 
it tha 
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A coverlncr ot six Inohea at burnt- 
out ashes next to the crown makea an 
excellent Inaulator, when they are 
available. For the balanoa o ' - 



of Crom Sk«wlBK BxpanaiMi Jalnta. 



Kreater Its inaulatlnr value. Aa a rule, 
thla Olllnc should not be lesa than two 
feet thlct over tha hlKheat point of 
tho crown. It may be heavier, II de- 
alred. Tho walla of theklln^mnat,^ c 

of the'fllUnr. 



rel of the top 



The platting on top of ^thla, BlUn* 
ahould not be laid until the kiln has 
been In uae for b}x montha or a year_. 



If a rood level "o^J, *'.^^"i^*^j, („J 
" " Bp'lat- 



„.„„_ „ .0 settle and shrink tor 

a long time, and nothlns will prevent 
a poor, unaatlafaetory Job if 




tine la put down at the time the kiln 

la built 

BUILDER (see catalog section): 
American Dressier Tunnel Kilns. Ino. 
H&dneld-Pentleld Steel Co. 
International CUy Machinery Co. 
MANUFACTURERS' ANNOUNCE- 
MENTS ; 
International Clay Machinery Corn- 



tunnel type. Data on coal sav- 
ing possible thru the use of this 
kiln gladly furnished, 

SS3 — KII.W, CONTINVOCi, DEilGM 

TTiyrii,,. ...„„„.;^. 

ROOF^-It Is I 

;_ . chimney 

iii.ruui.11111, Biuue fen clayworkers 
aider the use of a chimney In con 
tion with a ( '-'- "■■ 



under all weather conditions, and tha 
"best chimney speed" can also be In- 
creased from iO to 100%. Aa the con- 
■ - -■-.I — . — I g ]j[|(. 



all 

Increased 
.__ ..._ proportionate heat 
with a fan the waste cases 



loss. Aiflv, HJiu a. I 

can be exhausted i.. .. .. .. _. _. 

when the kiln has a water-smoklnff 
arrangement, while for maximum effi- 
ciency the mean temperatures of the 
icases In a stack must be maintained at 
SOO deg. C, which really means that 
the ezEauHt gases at the base of the 
stack must be kept at from 400 to SOO 
deg. C. to allow for cooling aa they 
rise to the outlet. This Item In itself 
la worthy of conalderatlon and aaslats 
conalderably In overcoming coat of fan 

o — II high-speed fans should be 

- large unit that can be 

, low speed Is more econom- 

The best type of fan for contlnu- 



a voided: 



B kiln 



BFhuni 



Indue 






draft 0. .,,_. 

always have copper blades anu chbi- 
Iron arms. Sheet-Iron blades and mild 
steel arms are eaten away so quickly 
by the gases that they are practically 
useless. When electric power Is avalt- 

or-driven. and one englne- 
. .. _.. electrically driven plants 
liable speed motors should be used; 






the contro 









3rder 






regulated by ( 



handle the dar . .. . _ 
-_ the draft. Also, re- 
peal tlve when the draft 



yed by the gases. In build- 
ing the houBing. some means should be 
provided for examining the fan from 
time to time and also removing It for 

Even when using a fan. a discharge 
stack la neceaaary. Such atacks should 
be high enough to carry the gaaea well 
above the yard. Otherwise, tha waste 
gases drifting thru the yard and buUd- 
Inga will often Interfere wltb tba work 
of the men. 
Regarding Koof Conatraetloa. 

Continuous kiln roofs vary from the 
nimslest type of shed structure to high- 
grade steel construction. Men of ex- 
perience generally agree that the wood- 
en roof Ta to be condemned. Ita else 
and weight compels the use of heavy, 
expensive trussea which have a ten- 
dency to weaken under their own 
weight. It la a bad lire risk, and the 
rate of Insurance (or Inability to get 
Insurance) and the upkeep probably 
make It about aa expenalve as the 
steel frame, metal-covered roof. 

In the case of the double battery 
kiln, roofs of the double- or trlple-hlp 
design should he avoided, ainoe, In ad- 
dition to large first cost, It Is prac- 
tically Impossible to construct them so 
that water from melting snow and 
rain will not leak onto the kiln alter 
the root Is a few years old. It Is much 
better to construct the roof with a 
single ridge, no matter what the span 

When wooden roofs are built, keep 
the truaaes high enough above the kiln 
top to avoid danger of fire; also avoid 
placing trusses or any timber work 



kiln which bei 



. other parts of 

very hot. Exposed 

dUBB. which get very hot during 
burnoutH," requlie watching. 
HonalBg OBB-Pn4Beesa. 

In providing a housing for gaa pro- 
ducers tor a producer -gaa- fired kiln, 
the building to be erected should be 



\ 
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for worlclns condlttonB. 

i-out" floor should be ar- 

- \eaat «lKbt feet 

. . . „ ars for breaking; 

down clinker thru cleaninK doors, as 
>n cannot work too close to the 
oors In hot weather. The water 
r seals should he set up on floor 



I uDloadInK device consisting 



Care should be taken to have the 
roof of the charslng room high enouEh 
to allow for the use of the Ions: pokers 
u-hlch are neceHsary. These polierH are 
nearly as long as the producers are 
high, and the roof, at the point above 
Ihe poke holes, should he somewhat 
higher than this dimension, especially 
- the pokers are handled with "--'- 




loot Chamber. See Pla> on Face flS. 



Fctloa Accessible. 

A manhole and tunnel should be pro- 
vided at each producer giving access 
to blast connection with grate. It Is 
possible for the blast pipe to become 
choked; consequently, if It Is Inacces- 
sible, the producer must be shut down 
and emptied before repairs can he 
made or else an excavation must be 
made under the producer. 

The blower pits should be In a. well 
lit. accessible location. Bach pit should 

down Into It and make repairs. All 
connections between blower and grate 
which are placed underground and are 
inaeCBBBlble, should be made of sewer 
pipe. To bury light metal pipes under- 
ground leads to troublesome and ex- 
pensive repairs. 

Each blower should be provided with 
a steam gage and a draft gage, and 
the main steam line from the boiler 
should be provided with a reBUlallng 

pit should be provided with a steam 
Jet or ejector for keeping the condens- 
ation down to the proper '— -' ""•-- 



i detailed 1 



Fig 



Avoldlnv Shutdowns tor Bi»iiI>k Oat. 

During the operation of a gas plant 
the greatest accumulation of soot and 
tar fa found In the main gas flue just 
beneath the point where the "down- 
takes" from each producer enter this 
flue. This accumulation chokes off gas 
supply and occasions frequent shut- 
downs for burning out. A way of 
" luble by providlnr " 













flue Is 




































































































the plate 


la pu 




out 




oot and 



take 



I the 1 



-— . . -, „J on the clean- 
out floor should be near the ceiling 
to allow [or the easy escape of gas 
and heat during the cleaning of ths 

The floor of the charging room 
should be flreprool and capable of 
carrying a load of at least 25 tons 
tor each producer. Since shipments 
of coal cannot always be regulated, 
ample storage room to prevent expen- 
sive rehandlTng should be provided. A 



BUILDERS (see catalog section): 

American Dressier Tunnel Kilns, Inc. 

Hadfleld-Peniield Steel Co. 

International Clay Machinery Co. 

MANUFACTURERS- ANNOUNCE- 
MENTS: 

International Clay Machinery Com- 
pany. Dayton. Ohio. Continuous 
producer gas fired kllna either of 

tunnel type. Data on coal sav- 
ing possible thru the use of this 
kiln gladly furnished. 
nSS— KILN, CONTINCOnS. OPBRA- 
TION OF COAI^F-IRBD.— Any descrip- 
tion of the operation of a continuous 
kiln of any type can only cover the 
subject in a general manner. Contin- 
uous kilns of the same type, as in the 



that It takes from Ave to seven and. 
In Home caseB, even more complete 
rounds before normal operation con- 
ditions are reached. This Is due to 
the large body of masonry which must 
be thoroly dried and heated up, to- 
gether with the drying out and heating 



ind low In volatile matter, are not to 

le compared with those obtained from 
L high -grade, clean slack, and, as A 
..,_ .. y . g j^g former 



when the latter is available. A high- 
grade fuel win give a greater burning 
speed, and much less of It will he re- 



On It depends to a great extent, not 
only the speed of burning, but the 

Duality ol the resulting ware, and the 
jel consumption. Many kilns which 
would have given good results have 

partment. The setting in this type of 
kitn differs from all others because the 
Are and draft moves in the direction 
of the length of the kiln. In other 
words, the draft. Instead of being up or 
down, is horizontal. 

Being generated, to a great extent, 
on or near the floor, the heat has a 
natural tendency to rise to the crown, 
and this tendency can only be over- 
come by BO arranging the setting that 
a freer flow Is given near the floor, 
while at the same time the draft Is 
l>artled by tighter setting towards the 
top. Theee conditions, coupled with 
the necesBlty for providing flring or 
fuel shafts In the Bettings, and also 
the necessity for counteracting the pull 
of the draft connections on one side 



This type of ktln Is best adt 
burning the commoner grades 
In which clear color and fla: 
are of little Importance. Howe 
" ■ ■„i-gra 

... I cases, special ci._ 

be taken to protect the faces or sides 
to be exposed when In use. from the 



, ..lln has Its own 

standard setting 

entirely, for 



ling along the floor and par- 
the length of the kiln are 



m 



Fig. 1. Method at Setting Race 



up of the ground under the kiln. The 
bottoms usually give the most trouble 
In a new kiln, and it Is far more eco- 
nomical to accept soft brick In the bot- 
tom courses for the flrst few rounds 
than to hold up the hlln and use more 
fuel in an attempt to make them hard; 
(or not only Is the attempt unsuccess- 
ful, but brick are overburned at the 
top. and the kiln acts badly because of 
the impossibility of holding the "back- 



very low-grade fuels, but the b 
most economical results cannot ue gut- 
ten from such fuels. The results ob- 
tained from slack, which Is high in ash 



r of feed holei 



can be laid down for thes. 

they are governed by the i __ 

ash In the fuel, the draft, the kind of 
ware being burned, the setting above 
" and the general oondltions undar 



whlch the kll 
wide flues are i 
do not compllcat 



The low, 

1 ended, as they 
Betting as mucb 



wider than thos 
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I of these tlues 
inaKins ine ones nearest the Inner 
wall the Bmalleet and Kradually In- 
creaslne the size towards tbe outer 
wall. This prevents the gas as (rom 
' irt-cuttinf* thru the shortest flues as 



the bottom thru these flues, thereby 
keeping the bottom courses chilled. 
This difficulty la often overcome by 
merely reduclner the size of these flues. 
When using- coals which are high In 



setting the shaft* 



flclent height to prevent t 




necessary to expc 

suitable method 
la found. 

Guides for setting the firing shafts 
are iteceesar; If beat results are to be 
had. These guides are dropped thru 
feed holea In the crown and extend to 
the floor. They are removed thru the 
holes when the shaft la completed. 
Shafts must al-waya be set bo that a 
clear view of the bottom can be had 
from the feed hole. 

Setting of the benches depends to 
a conHlderable eitent upon (ha draft 
used. The movement ol the draft 
[n a horizontal direction always tends 
to overcome the disposition o( the heat 
to rise from the bottom. Therefore, the 
atronger or higher the draft, the 
greater will be concentration o( heat 
near the bottom - ■ ■ 



and vice ^ 



Fig. a. HclhiMI of BettlMg Ptrl>g Shnfts. 



Galde Helps to Leeatc Fines. 

A guide (or locating the race flues 
should be provided for setters unskilled 
Id continuous kiln work. This guide 
' s of a board of length equal to 



It is quite Important that race flui, 
b« kept perfectly straight. KInka and 

Sroiecting brick Interfere with the 
raft and make It Impossible to 
standardize the klln operation. 

In determining the best type of f 
shaft to use, thrt " ------- 



makes ft necessary to set the ware 
tight at the bottom and looser towards 
the top when high draft la used. In 
order to baffle the drift of the heat 
along the bottom and force It to the 
top. In case a low draft Is used, the 
ware should be set looser at the bot- 
tom with a gradual tightening as It 
approaches the "" — -' 



In each case the result t 



1 the t 



aethod 



ihree factors 
) the size of fuel to be 

Black; (2) the quality of fuel, whether 
high or low: (3) the kind of ware be- 
ing burned, whether common and not 
affected by the flame ash, or high 

f:rade and likely to be culled by Haah- 
ng and ash. 
The coarse grades of fuel usually 
burn faater than the flner grades (un- 
less dust Is used), and there Is, there- 
fore, less chance of their heaping up 
and caking and thereby choking the 
draft In the race flues. They also tend 
to distribute themselves thru the 
length of the shaft better 



» fuels are used (see Ftg. 

AdraBtage ot Nan-CHklBg FncL 

lel It Is po 

drop to hotter 
...Ing Into .""■—-' 
. . ; but wher _ 

coal Is uaed. whether fine or coarse. 

firovlslon must be made to allow It to 
odge at various poinia In the shaft. 
With fuels high In ash, and where It 
Is desired to have as little ware as pos- 
sible spoiled by ash, the shaft must be 
set so that as few lodging places as 
possible are provided, but at the same 
time enough so that the race flues will 
not become blocked up by the accumu- 
lation at the bottom. 

When hlgh-Krade ware Is being 
burned, and It is necessary to have as 
little contact as possible between fuel 
and ware, the condition requires the 
fuel to be burned at the bottom. 
Where such practice Is not possible. 



Set 'H'aTC rp to CrowB. 

In a tunnel kiln the ware should 
always be set up to the crown: other' 
wlae much of the heat will travel over 
the ware, with consequent losa of 
burning efficiency. The drop arches 
take care of this difficulty after the 
ware settles and for this reason they 
should be kept In good condition and 
the brick set tightly against them. 

Two things must be constantly borne 
In mind: (I) that the heat must be 
kept ahead In the bottom, and W that 
It does not pay to crowd the ware In a 
continuous kiln. Setting too close in- 
variably Increases the cost thru the 
slowing up of the fire travel. On the 
other hand. If the setting Is too open, 
trouble win result from admission ot 
too much air Into the Are zone, and 
thru the premature loss of "backing" 



.._ _: the end of each i 

isults In poor operation. It Is 
- a good air-tight I 



Ordl 



will I 



swer the purpose, but It must be kept 
fairly thick. The paper must be of a 
kind that will not lose Its strength 
when dampened by the moisture of the 
water-smoking period, but It must not 
be too heavy and stilt to make It Im- 
poaalble to paate It to the brick. To 
prevent rats and mice eating the 
papeFj^ copper sulphate pr other poisons 



' be dissolve 



1 the [ 



t around the j 



t around 



I Is 



low-grade. 

Combinations of the above conditions 
occur so frequently that It Is usually 



In tunnel kilns not provided with 
water-smoking arranB-emants, and 
where water-smoking ip accomplished 
by drawing combuattot, irases thru the 
last section set. h^Vja exhausting 
them Into the arart'*>i,,e Boummlng 
trouble Is practlciA, flU^ certainty. 
Combustion gases aJU-j » -ntftla ""i: 
phur trioxlde and «'>;*i ??"onld. and 



the formation 



slghtl 
kiln. 



When the kiln has i 



period 



■reoautlon 
' I be aur . 
I gases which s 



B that t 



this 
I admitted 



to a freahly set section li 

high; in other words, that the setters 
are not too close to the flre. With 
some clays. It Is possible to admit 
gaaes at temperatures of 200 deg. F. 
or over; In other oases, It Is not safe to 
use them when over 100 deg. F. at 
the beginning. This can be repilated 



sectlor 



the 



thru the 



r they become. 
Water-SmaklBg §mplc with Special 

r-smoklng arrengem 



^insist 
lection 



of < 



- e o( from 300 deg. t„ 

deg. F., and then making a connection 
with the section to be water-smoked. 
The connection with the main draft 
flue Is then opened and the pure hot 
air Is drawn thru the ware. The paper 

.i.^ -. — ^ gjjj jjj jjj^ water- 

B naturally kept In- 



moklng. 



Ing B .. .._ . _. 

_. intll the period Is complot 

this wav the draft Is controlled Inde- 
pendently of the sections under Qre. 
In order to control the temperature of 
the hot air entering the section, provi- 
sion la made for admission of cold air 
Into the water-smoking flue In any 
desired quantity. 

As kilns are generally designed so 
as to provide for an advance of one 
section per day. It la usual to complete 
the water-amoking In 21 hours. It Is 
seldom possible In this length of time 

200 to 22G deg. F. thruout. but what- 
ever the temperature may be when the 
period la up, the partition nearest the 
flre Is broken and the section thus con- 
nected up with the burning section. 
The water-amoklng flue connections 
are then advanced one section at each 

Water-SiBOklng Related to Klla Deslca 

nel depends very largely on klln de- 
sign. Some kilns are designed so as 
to make It almost impossible to get 

period. Also, the construction of wa- 
ter-smoking flues may be so bad that 



plete, and the 



The 



e of t 



y flre boxes built 

_ . ._ netlmea reaorted 

to In the water-smoking period. These 
Ores are fed with wood, coal or coke, 
and are made to carry the aectlon as 
far along as possible, or to augment 
the heat from the water-smoking flue. 
When connecting up a section that 



draft *-. _ , 

closing the connection betweei 
section behind the water-smoked sec- 
' " draft flue, and drawing 






I In burning 



all gases thru I 

tlon, the draft connections of both s 
tlona are partially opened, thus 
ting the draft. If gases '- '- 

aectlon are very hot, this .. 

duces the shock to the ware In the 
new section. As temperature la raised 
In this section, however. Its draft con- 
nection Is gradually opened wider 
while the one In the section behind Is 
gradually closed. This operation Is 
continued until all the draft Is taken 
thru the new section. With some clays 

In such cases the change may be made 



burn the paper partition of the water- 
smoking section until after the water- 
smoking Is completed. If such is the 
case, the waste gases are being dis- 
charged at too high a temperature and 
the klln Is not being operated eco- 
nomically. When the setting la held 



( 
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Kiln 



up for any reason, the burnlnflr must 
be slowed, and, if necessary, stopped 
completely. A continuous Kiln loses 
heat very slowly and flrins may be 
stopped for from two to five weeks and 
there will still remain enough heat 
to iflrnite fuel when operations recom- 
mence. 

Seetioms to Keep Uiider Fire. 

Concerningr the number of sections 
of a kiln that should be kept under 
flre, this subject can be covered only 
in a sreneral way, taking a sort of 
average of general conditions. 

Fuel should be fed to from three to 
five sections. The high flre section 
naturally consumes the greatest quan- 
tity, and. as a rule, light charges 
should be fed every 10 to 20 minutes. 
The feed holes ahead and behind the 
high fire are fed lighter charges and 
at wider intervals, according to their 
distance from the high flre and accord- 
ing to the speed with which the fuel 
is consumed, and the sort of clay used. 
Usually a section is under high flre 
until the finishing heat is reached, top 
and bottom, and then a soaking heat 
is maintained for a certain period until 
the ware is finished. During this period 
the finishing heat is advanced. The 
whole operation, of course, is a con- 
tinuous one, the peak of the tempera- 
ture curve slowly advancing all the 
time. 

As the flre advances fuel is fed to 
fresh rows of feed holes, but never 
until a red heat shows in the bottom, 
and fuel should only be fed at such 
times and in such quantities as can be 
entirely consumed. Premature firing 
or feeding in too large quantities will 
result in an accumulation of fuel in the 
race flues, with consequent checking 
of the draft, and the possibility of too 
much local heat when the accumulated 
fuel does ignite. It is always best to 
defer feeding fresh holes until a red 
heat Is visible, at the bottom, In day- 
light. 

<<]|«cklBg^ Heat* 

It is sometimes necessary to feed 
fuel to several rows of feed holes be- 
hind those which are at finishing heat, 
in order to maintain what is known as 
"backing." A continuous kiln, to work 
efi^ciently, must have preheated air 
for combustion. This preheated air is 
furnished by passing the air required 
for combustion thru the ware that has 
been burned. In this manner two 
things are accomplished: (1) a large 
percentage of the heat is recovered 
and reused and (2) the air reaches the 
high fire section at a temperature only 
a little below the temperature required 
to finish. It is chiefiy because of this 
that a continuous kiln uses only 20 to 
36% of the fuel needed on a periodic, 
kiln. 

The amount of fuel required to main- 
tain the proper "backing" depends 
largely upon how close to the fire the 
unloaders work. If they are very 
close, thru a desire to rush ware 
out of kiln, a larger number of 
rows will have to be kept under 
fire than would otherwise be necessary. 
Obviously, there is a limit. The result 
of working too close is that the cold 
air rushes along the floor thru the 
race fiues and makes it almost impos- 
sible to get the bottom in the high fire 
section up to the finishing point, thus 
checking the advance. when the 

S roper number of sections are kept be- 
ind the fire it is often possible to stop 
feeding fuel as soon as the ware has 
received the proper amount of "soak- 
ing," there being no necessity for main- 
taining a "backing" fire on account of 
the hot ware thru which the air must 
pass. 

Wicket fires are used in some kilns 
to assist the top firing in the high tem- 
perature zones. Not only do they in- 
crease the burning speed to some ex- 
tent, but they insure a well-burned 
wicket, a point usually hard to finish 
properly in the average continuous 
kiln. Wicket fires are usually started 
In the section ahead of the one show- 
ing red heat in the bottom. The fires 
are started slowly and gradually 
brought up as the ware will stand it. 
They are maintained until after the 
section has passed the finishing point, 
when the grates are withdrawn and 
the opening bricked up. 

"Wleket Fires (ivestloiied. 

There is some question as to the 
economy of wicket fires, in spite of 
the aid they give locally to the ware 
In the wicket and to the section in 
general. As with up- and down-draft 



kilns, a considerable excess of air is 
certain to pass over the fires. The air 
is not preheated, as is the air fed to 
inside fires, and, consequently, there is 
a loss in emciency. Consideration must 
be given to the ware damaged by con- 
tact with fiame and ash of the fires, 
there being no bag wall to protect it. 
To this is added the cost of construct- 
ing these wicket fire boxes, and clean- 
ing up the ash and spoiled ware after 
them. 

Draft. 

It is practically impossible to desig- 
nate the number of sections thru which 
the draft should be pulled to get the 
best results. Kilns equipped with 
stacks are definitely limited, as the 
stack can only pull thru a certain num- 
ber of sections and maintain any kind 
of speed. In this case experiments 
are necessary to determine the maxi- 
mum number for best results, and the 
standard thus arrived at should be 
maintained. When fans are used, the 
size of fan is an important factor. 
Often the fan units are too small; this 
trouble, however, is more easily reme- 
died than where an undersise stack 
has been built. An oversize fan Is a 
good investment, since it is a simple 
matter to cut a draft that is too high. 

The speed of a continuous kiln Ts 
dependent to a large extent upon draft. 
In kilns of the same type and sise, 
burning practically the same class of 
ware, the difference in rate of advance 
may range from 100 to 250 ft. per week. 
Some of this difl^erence is due to ma- 
terial, but most of it to methods of 
operation. For example, it is plain 
that fire will travel at a greater rate 
thru a tunnel under a high draft than 
under a low draft; also chat flre will 
travel faster thru a loose setting than 
thru tight setting, and that the gases 
can be pulled thru the former at a 
higher velocity than thru the latter. 

However, there is a deflnite limit to 
the velocity that may be given to the 

gises in a kiln by the fan or stack, 
iln operators are familiar with the 
fact that at a certain point in advance 
of the row of feed holes receiving 
the flnishing heat, there seems to be 
no draft, when the caps are lifted 
over this point there seems to be 
neither suction nor pressure, while 
ahead there is suction, and behind, 
over the high flre, there is pressure or 
"kick." Some operators have noticed 
that best results are obtained from a 
kiln when this point of "no draft" is 
kept at a certain determined distance 
ahead of the feed holes receiving the 
flnishing heat. If the draft is in- 
creased or decreased, this point will 
move from its proper place and almost 
immediately the rate of progress seems 
to be arrested. 

Some years ago Wm. A. Butler, ce- 
ramic engineer, discovered that if air 
is forced by means of a fan thru the 
cooling ware behind the flres, the draft 
could be increased and the point "no 
draft" still maintained in its proper 
position. Such a condition allows of 
greater fuel consumption with a more 
rapid advance of flres. The idea is 
fundamentally sound. The draft unit 
is constantly attempting to create a 
vacuum in the kiln, while nature is 
attempting to flll this vacuum by sup- 
plying air from beliind. Unless some 
mechanical assistance is given to this 
flow of air in order to push it to its 
destination (the fires) in larger quan- 
tities, the kiln speed will be governed 
by the speed with which the air can 
naturally work its way thru the close- 
ly set ware. 

Leant Point of <<No Draft.*' 

Attention should be given this im- 
portant point of "no draft." Close 
observation of a kiln for a few rounds 
will determine its proper location 
(which will vary in each kiln), and 
once it is found it should be main- 
tained. Draft gages are a valuable aid 
to the burner, but when not provided, 
he can soon learn to control the draft 
by noting with his hand the distance 
above the feed holes, in the finishing 
zone, to which the hot air is forced. 

After the finishing heat has been 
reached in a section it is a general 
rule to maintain the fires for a sufil- 
cient time to give the ware a "soak- 
ing." This "soaking" fire is usually 
maintained over an entire section at 
least, the fuel being fed in such quan- 
tities and at such intervals as will 
maintain a fairly constant tempera- 
ture. The heat generated in this sec- 
tion both improves the quality of the 
ware and furnishes "backing" for the 
high fire section by increasing the tem- 



perature of the air of combustion. 
There is no waste of fuel in this prac- 
tice because the amount used on the 
fires ahead is decreased in proportion. 

Position of Unloaders. 

Every efl^ort should be made to keep 
a red heat in at least three sections 
, behind the finishing fire. This is not 
difiScult if the umoading section is 
kept far enough behind the fire. Open- 
ing sections too close to the fire de- 
creases the efllciency of a kiln and re- 
sults in numerous troubles. Some- 
times the ware is cooled too quickly, 
resulting in cracked, checked or brit- 
tle products. 

No rule can be made regarding the 
number of sections to be carried in a 
circuit, but roughly it should be as 
many as can be handled and still get 
the proper draft. It is useless to con- 
nect more sections than the fan or 
stack can handle properly, for under 
such conditions the capacity is bound 
to be reduced. 

MANUFACTURERS OF EQUIPMENT 

(see catalog section) : 
American Dressier Tunnel Kilns, Inc. 
Hadfield-Penfield Steel Co. 
International Clay Machinery Co. 

884— KILN. CONTINUOUS, OPBRA- 
TION OF GA8-FIRBD.— There is little 
question but that the producer-gas- 
nred kiln is the most simple and easily 
operated type of kiln, once the opera- 
tor grasps the basic principles of 
operation and gets thoroly acquainted 
with his kiln; but it is practically im- 
possible for green, untrained men to 
take hold of this kiln and make a suc- 
cess of it. As with coal-fired contin- 
uous kilns there are certain "standard" 
burning rules which must be used as 
a basis for starting a new kiln, but as 
each kiln develops its own peculiarities 
these rules must be changed to meet 
the special conditions. Oas kilns prob- 
ably take longer to get into normal 
working order than do other types, 
altho this is not a general rule. Be- 
sides the heating up of the masonry 
and ground under the kiln, which takes 
several rounds, there is the necessity 
of training men for work on the pro- 
ducers. The difllculty involved in the 
latter depends to some extent on the 
fuel used and the intelligence of the 
men. 

Gas Hannfactvre. 

The success of the gas kiln depends 
largely upon the operation of pro- 
ducers. The pressure producer is not 
ordinarily difficult to handle, but this 
rests largely on the kind of coal avail- 
able. Unless producers are especially 
designed for the use of slack, this fuel 
cannot be used; nut, run-of-mine and 
lump coal are satisfactory, the nut 

f riving best results when it can be ob- 
ained. When run-of-mine or lump are 
used the large lumps must be broken 
up. while run-of-mine containing much 
slack must be avoided. 

The chief requirements of a coal for 
producer work are that it be high in 
volatile matter and low in ash and sul- 
phur, which means that it must be non- 
clinkering. To be high in volatile mat- 
ter, however, is not enough. Many 
coals have a fairly high volatility but 
give it off with a rush, thus fioodinff 
the kiln with gas for a few minutes, 
following which the supply is poor. 
The ideal coal gives off its volatile 
matter slowly, keeping up a steady 
supply from this source while the CO 
is coming from the fixed carbon. Coals 
high in fixed carbon and low in vola- 
tility can be used successfully, but 
such coals are consumed slowly, or, in 
other words, produce their gas slowly. 
The result is that greater producer 
capacity is required to keep up the 
gas supply. 



Clinker is the great enemy of 
producers and if there is any possi- 
bility of avoiding a clinkering coal, 
this should be done. If not, success 
can only be had with producers de- 
signed by experts expressly for the 
fuel in hand. 

Selection of CoaL 

There are many ideal producer coals 
in different parts of the country and 
experiments should be made until the 
best one has been located. Analysis of 
coal tells very little about its adapt- 
ability, but it will give an idea as to 
whether the coal is worth trying or 
not. By experiment it has been learned 
that with two coals having nearly the 
same analysis, one will be almost twice 
as efficient as the other. When loolc- 
ing for a producer coal It is a 
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plan to consult i 



. doiaeatlc ea* plant. Such a 



Its source of supply. Usually, It 1b 
well to pay 25 to 3b% above the local 
market price In order to obtain a hlfli- 
grade coal; the added afflctency o( the 
gas and the lowered ooat ot labor re- 
quired to handle the producers will 
mpre than save the difference. 

Special producers are deslBrned for 
use with peat, lignite, anthracite and 
low-grade hiturolnous coals. In faet, 
anr Kind of fuel may be used, provided 
the producer is designed for It- 



producer depends upon Its s,-. ._ ._ 
pacltv. and the fuel. A S-ft. DToduoer 



dlstflbutEoi 



For beat reBults, the air blast from 
the blower should Indicate from 1% 
Ins. to a Ins. ol water on a U-tube, al- 
tho when an increased volume of gas la 
required It Is necessary to run It 

necks shoalii- _ _„ __. ._ 

Che U-tube. Maintaining a much great- 
er pressure than this Is likely to result 
In the gas forcing Ite way out of the 



If t 

temperalures' and when mixed" with 
air. As long as pressure Is kept on the 

8 as, no air can be drawn Into the 
ues; but when there Is no pressure 
and the kiln Is creating 

drawn into the hues, 
and, If conditions are 
right, a aerlcus explo- 
sion will result. Several 
kilns have been badly 
damaged thru explo- 
xlons caused by such 
mdltlons. 



Is a certain 
: which the 
■■ ■ kept. 

let tlue. Naturally, fuel cannot be ted 

faster than it Is -■ — •• —'" 

riae above Its i: 
the gage that i 



■KiTtant. 

The temperature of 



due to the (act that the 
gas "cracks" at certain 
temperatures and rap- 
Idly deposits either soot 



flues and shuts oIT the 
supply at the burners. 
thus necessitating fre- 



riod. covering from 



s can be Installed for 
same purpose, but. 
inly the aimple forma 



unnecessary, the 

only method left to the 



the type of producer generally used 
will deposit tar at temperature below 
800 deg. F., and will deposit soot at 
temperatures above SOO deg. F. These 
temperatures refer to the gas as It 



age kiln requires burning out evary 
seven to ten days, the Importanoe «t 
watching the gas temperature Is evl- 



ites rapidly and 

trouble. Also, a high producer tem- 
perature means a reduction In the 
quantity of gas, lor It Is the burning 
of the gas, or Ingredlenta that maka 
up the gas, that produces the high tem- 



perature. 
Wher • 



the gas temperature is be- 
tween BOO and 900 deg. F., the gas has 
a rich yellow color, tinged witli light 
green, and If held at tMs color oan- 



I smoke Is seen in it; when very 
hot. It appears as nearly all smoks. 
Such gas Is nearly worthless except for 
Its sensible heat. 

When gas is at Its best It will not 
ignite at the poke holes when a matob 
Is applied to It. Aa the temperature 
Increases, however. It will Ignite read- 
ily and will Anally reach a stage where 



t of clinker o 

but In any case it is unneoes- 
I clean as often as every day. 
e cases all of the clinker la 
"' ' \ beneath the producers 



■ provided on most produc 

SuSlclent clinker ahould be removed ao 
that the Are may he seen thru the low- 

— ._j when the clinker bed 

■'-- -^'ck to cover the 

. . _o dean again. 

producers are started^ It Is 

best to dump In enough ashea to cover 
the grates. A wood fire Is then start- 
ed and coal fed aa rapidly as It will 
Ignite, until the proper fuel bed level 
la reached. The blowers are then 
started and run for a few houra until 
the gas begins to have the proper ap- 
pearance. During this time the prod- 
ucts of combuBtlon are (— — ' " — 



have the Eas quite hot, that Is. from 
l.IOO to iraoo deg. F. Such gas will 
Ignite readily, while cool, rich gas mfty 
cause an explosion, with aerious conse- 
quences. It Is never safe to attempt to 
light gas In a continuous kiln chamber 
unleaa red heat can be plainly seen. 
This can be done by one who has be- 
come expert In the handling ol gas, but 
even under auch circumstances, kilns 
have been badly damaged by explo- 
sions, the cause of which were un- 



of 

Pokering Is an Important factor. The 

fokers should be long enough to reach 
he gratea and the pokering be done 
In such a way as to "stir" and affect 
the entire bed from top to bottom. The 
Idea Is to hreak up any clinker over 
"" B grate that may prevent the proper 
itrlbutlon of the air blast and to 
- ■ that the i 



bed. The 



should watch the surface ot the fuel 




with flues which connect the tan with 
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( the Kiu porta. This pulls 



the Iron goB valves wItt be damaged. 
Simply cIosIhk the main gas valve 
■tops the tire In these flues. If they 



water-smoking chamber still hlcher 
and, as a rure, la sufllcient to finish 
this period. ThiH practice 1> hardly 
necessary except In cases of clays 
which scum easily. When efflorescence 
Is not feared It Is the usual practice 
to g'et what heat Is possible from one 
chamber and then to connect the wa- 
ter-smoking chamber with the main 



Jated by 



r-smoklng chamber is 



over Its own hag wall openings and 



Vtg. 3. DlBCtam SkorrlBS Baiatas Clre 



can be assumed t 



Any method which Is used In a 
Sown-draft kiln can be followed suc- 
cessfully In setting a continuous kiln 
chamber. This applies to brick, hol- 






In t 



dency on the part of the gas to pull 

flash wall, but more often the tendency 
Is to short cut to the Hoor close to 
the flash wall. In the former case It 
Is necessary to tighten the setting; 
against the partition wall and open ft 
somewhat toward the flash wall. In 
the latter case the method Is reversed 
and the setting made light against the 
Bash wall. 
In most gas kilns It has been found 

setting and crown If speed Is desired. 
ExperTments must be made with each 
kiln to find out at what height f 

Keatest kiln speed —- ■- -■■-'- 
.at eiperlments se 
after passing a cert 

this, of course, slow., ... 

count of the eitra time oonaumed In 






ich the 



This In no way Intertereswiththe draft 
or operation of the burning; section. The 
■water-smoking chamber Is as Inde- 
-pendent as If It were a single down- 



)ck of the hot „ 

r section on the water-smoked wai 



I of the draft la being taker 



unit will take fro 



kept too open so that too much cold 
air Is admitted to the gas, the (lame 
will go out and the conditions may be 
right (or an explosion. It Is very easy 
to tell by the appearance of the gaa 
when conditions are not right. It will 
burn brightly when the air control la 
right and become dark and a: 
It Is wrong. It should be n 



intll I 



lat furnish 
(or proper 



Is wrong. I 
the preheated s 

ware have been finlahed, ~"To~let~the 
fires out after the flrst chamber has 
been flnlahed would cauae this chamber 
to lose Its heat at once and this would 
prevent the proper flnlshing of the 
next chamber of ware. It Is best 
practice to wait until the fourth full 
chamber Is ready to light before allow- 
ing the coal Urea to dFe out. 

The principal reasons for having an 
empty chamber between coal flres and 
the flral chamber are (1) that the heat 
becomes somewhat tempered in passing 
thru the empty chamber, and. there- 



fore, does not shock the 
■ ■ 't is ■ ■ 






J (2) 



r la I 



bulk L. ._ _. 

up before a dull i 
around the bags. 
BbtbIbc 

As a rule gas Is kept only on the 
high Are chamber, altho sometimes tt 
Is lit In the one ahead of the high Are 
chamber before the latter Is finished. 
Rarely la the gas kept on a chamber 
after It la finished, since. In a properly 
operated kitn, thla la abaolutely unnec- 

The conditions In a chamber when 
It la ready for gaa vary with the raw 
material, kind of ware, and kllu opera- 



tion. When a chamber 



Inlehee 



The main valve on the finished cham- 
ber la then cloaed. 

In the gaa kiln the center of the 
chamber has a strong tendency to get 
ahead of the ends. It Is possible to 
correct thla by cutting down the gas 
supply at the middle ports, but this 



light up the two t 



before the high tire chi 
This gives tne ends i 



- ,- s than 

until the chamber la about 
inter ports 



used and ware produced have much l_ 
do with the results. When raw mate- 
rial has a very wide burning range 
and there can be a wide difference be- 
tween the temperature, top and bot- 
tom, without Injury to the job, the 
ware can be set higher without de- 
creasing the speed. Alao when fairly 
aoft ware can be disposed of. It Is not 

ttry to Bpend ao much time In 

f the bottom to aomewhen 



get til 






The cham- 



aa It la posalble to get it. The conn 
tlon with the warm chamber Is tl 
broken and advanced to the cham 
ahead, the temperature of which r 



StartlBC a Gbb Ktln. 

Starting a gas kiln Is not dllBcult. 
As soon as two or three chambers of 
ware have been set. about half of the 
floor openings In the chamber directly 
b.^hind should be covered with brick. 
The wickets of this chamber should 



lamber behind this 






..hind the flret 
chamber set. a few of the floor tile 
should be taken up so that fires may 
be started directly beneath the bags 
of the chamber ahead. Fires are then 
started beneath theae baga with wood 
and coal, preferably slack. Connec- 
tion Is then made between the main 
draft flue and the last chamber set, as 
shown (see Fig. No. 2). 

The fires are kept up until the bag 






a Into It. Burn- 



walls of the chamber 

la full of ware. 

Conalderable care la neceasary dur- 
ing thla period. The air control for 
the gas burning In the empty chamber. 
and, later. In the chambers ahead, Is 
thru the coal fires which are still kept 
burning In the under-flues. If these 



gaa Is lit In the chamber ahead of the 
high fire chamber, from 6 to 12 hours 
before the latter Is finlahpii This 
keeps gaa on two chamber 



paclty la aufflclent to "supply bbtli 
chambers. 

Perfect control can be had In a gajt 
kiln thru proper handling of valves. 
There is no excuse for fluctuation In 
the temperature of a chamber from one 
end to the other. The sight holes 
above the bags at each end of cham- 
bers provide ample means of detecting 
any variations In temperature almost 
Instantly, and manipulation of tli« 
valve cords provides easy correction. 

tentlon must be given 



the val 



their seats, dlmfnlshlng gas flow. 






parts. To clear choked-up valvt 

merely neceasary to shake them sllglit- 

ly by pulling the cords. 



CLAT PBODTTCTS CTCLOPEDU 



..^^ ... » v.. with Hlze 

unit, aetClDK and condition oC kiln. A 
(air average would be nine chambers. 
One of these would be on Are, three 
ahead would be preheating with waate 
g-aaoB from Are, while the fourth ahead 
would be water- Hmoklng. Three 

fourth h 
ber heln 
hind the 



a the chamber supplying It with 
heat (see Fig. No. 3). 

To considerable entent. the number 
of chambers ahead of hlsh fire should 
be regulated by temperature of waste 
eases as they are exhausted to draft 
Rue. On some kilns that are Klvlng 
excellent results the temperature of 
exhaust gases !s aeldom allowed to set 



draft used the b 



t the higher the 
"-- ' Ing speed 



r the 



kiln 



m ins. of draft 
1 of the high Are 









Is 






bro^vns. purples, dark i 

The method of flushing Is simple. 
When llnlRhinB point of ware Is a.p- 



ber Is allowed to 
dltlon for from 1 
the draft '- "- - 



1 Intervals of 1 



-lay-B take the 
lerloil of 45 m 



iklng perlo 



kept up for 10 c 
i hours. 

Ca,ro must be exercised during ri 
luclns' periods or the top course wl 



occasionally. The draft 
creased carries the heat f 
bottom, thus equallilngr 

eparatory to another r 



temperature 



It must be remembered, when 
tempting to get flashed ware, that c 
dltlons in a gas kiln differ from th 
occurring in other types. In order 
get the chambers off quickly, and t 
, .„_j.., ahead a--" 



Under normal conditions 

which finishes a """ — "" — 

36 hours should 
on the chamber . 

chamber, and 2 iim. m> >■"= "S^""" 
chamber ahead of the high Hre. These 
draft readings refer to conditions Just 
after a fresh chamber has been lighted 
up. Normally, the draft will show a 
reduction of approximately one-half 
Inch between the time a chamber Is 
lighted up and flnlahed. Thus, on a 
chamber which has a Z-ln. reading 
when a fresh chamber is lighted, the 
reading will be 1V4 Ins, when chamber 
Is flnlshed. 

An eipart burner, in addition to 
using hia draft gages. Is governed by 
the sharpness of the flame as It leaves 
the ports. Under high draft the flame 
cuts sharply away from the ports; 
under low draft it rolls slowly under 
the crown. A record should be kept 
on each chamber and as soon as the 
best draft has been determined. It 
should be adhered to as closely aa pos- 
sible when that particular chamber Is 
reached In the circuit. 
Flushed Ware Butly Oblalued. 

In ordinary burning the gas klin will 
produce oxidizing conditions, "— • " 
ducing conditions can be obtat 
lly. Flashed ware will not ocu^. ..„w 
dentally. but may be readily obtained 
If wanted. However, as with all 
continuous kilns. It la hard to get any 
quantity of blacks or very dark colors. 
This Is due to the (act that, while 
these colors can be easily given to the 
ware when It la under flre. aa soon as 
It Is Off lira the ware Is reoildlied by 
paaslng over it the air necessary for 
combustion In the chambers ahead. 
Under the continuous system It Is Im- 
possible to avoid this. Some clays do 
not easily lose the flash and In such 
casep the dark colors are obtainable. 
Ordinarily, the colors predomin " 
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)ildatlon period while the chamber o 
lire is being "brought up" and. as an 
gasea from firing chamber paaa thru 
the chambera ahead. It Is necessary 
that these gases be oxidizing and not 

Inyartaace of Backing Hvwt. 

A great deal of the succeas of the 
gas kiln depends on keeping the prop- 
er amount of backing heat. or. In 
other words, maintaining proper tem- 
perature in chambers behind the Ore. 
Emptying chambers too close up to the 
Are always causes trouble and lowers 
efficiency of kiln. Generally speaking, 
at least four closed chambers should 
be kept behind the chamber on Are, the 
air being admitted at the fifth. Another 
working rule la to keep enough cham- 
bers behind the Hre so that the cham- 

not lose more than half Its tempera- 
ture In the first 2* hours. Thus, l( a 
chamber Is flnlaheiT - 






lahed at 2,000 dec. F.. 

It Is taken off It should 
Liian 1,000 deg, F. A kiln 
ays give best results If 
Itlon is maintained. 
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of In operating i 

It is best to provide at least IE 
chambera tor good working conditions 
and to guard against emergencies. 

MANUFACTURERS OF EQUIPMENT 
(Bee catalog section); 

American Dressier Tunnel Kilns, Inc. 

Hadfleid-Penfleld Steel Co. 

International Clay Machinery Co. 

MANUFACTURERS' ANNOUNCE- 

Internatlonal Clay Machinery Com- 
pany, Dayton. Ohio. Continuous 
producer gas flred kilns either of 
compartment or moving flre 

ing possible' thru the use of this 

kiln gladly furnished. 
8S4A— KILN CRANE.— Thia machine 
or contrivance la an aid to the aetting 
of large drain tile and sewer pipe. 
The ware Is brought into the kiln on 
aewcr pipe barrowa. picked up by the 
kiln crane and aet In place by the men 
without any lifting by the aeltera. The 
result Is that the ware Is chipped very 

The crane consists of a pole fast 



^ _ied 

■■ kiln and also thru 
' hole in the crown. Onto 
Is fastened n c.vlnginK arm 
, lor nttlng 
,g It off of 



'arm* tllklnS J„„„„ - 
:an ba^VlngS " ^ereve 



ass— KILN, 

continuous, decorating; Kiln. Inter- 
mittent, muffle down-draft: Kiln. In- 
termittent rectangular, down-draft; 
Kiln, intermittent round, down-draft; 

Kiln, intermittent, up-draft, perma- 
nent types of, for potteries. 

WM KILK, DOWN-DHAFTl DB- 

SIGN AND CONSTRUCTION. — Certain 

unbreakable rules govern the design 
and construction of all kilns, and It 
these rules are disregarded, an un- 

klln may be economically deficient tn 
many respects: Its first cost may have 
been excessive; It may produce a high 
percentage of defective ware; it may 
1 — Mgii upkeep, whlcl 
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It may use more fuel than 
necessary, or require several days 
longer to burn than It should; It may 
require rebuilding before it has had a 
proper span of life. Yet all these de- 
fects could have been avoided by prop- 
er design and ' " — -• - — 

which , 

. kind of ._ . _.__ „ 

ware will fail on others, and that dif- 
ferent conditions have made neces- 
sary the highly diversified types of 
special kilns of down-draft construc- 
tion. This mav be true in one case 
The fact 



the "good" 

kilns may be nearly correct in prin- 
ciple, while the "poor" kilns are noL 
Too LoHK a BnralnK Peiiod. 

It is generally conceded that most 
clayworkers take too much time In 
burning their ware. Moat of this time 
Is lost In the water-sraoklng and oxi- 
dizing periods, and In many cases Is 
due rather to poor burning methods 
than to Incorrect kiln design. Upon 
good authority It Is assumed that 90% 
of shales and clays on this continent 
six days or 

e'lnciiid'es theentlre burning peric 
rrom lighting the Area to finish CI 
burn. No exception Is made In cases 
where ordinary carbonaceous shales 
are used; In fact, where the carbon 
content of the shale or clay Is low, 
this period. In the average case, should 
be shortened. Proof of this contention 
Is found In the fact that whenever con- 
tinuous kilns have replaced down-draft 
kilns, the period during which the 

reduced to six days or less, except In 
Isolated cases. The reactions which 



I ahale and fire clay brick and shale 



ware averages 90% or over. The Im- 
portant points on both round and 
rectangular kilns are covered, but the 

largely a matter of personal choice. 



r in upkeep (repairs). 
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so that at the last *> Ct*"^ rfft^l^ BSB" 
ment of the floor . ».> ,i,e Sl^?niet to 
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food fall. On yards where natural 
rainagre for kiln bottoms is impos- 
sible, put In a sump and keep it 
pumped out. No kiln can give ffood 
results if the bottom is wet. 

Fovmdatioiia. 

Kiln foundations should be carried 
at least to a point slightly below the 
deepest flue. If it is necessary to build 
the kilns on soft eround» observe the 
same rules in desifirningr the founda- 
tion as would be followed in puttinfr 
a brick building on the same erround. 
In making: calculations for this, add 
the weierht of the ware the kiln will 



a distinctly wet condition, there has 
been found no sigrn of water settle. 
The dense, moisture-laden grases of the 
water-smokingr period have more op- 
portunity of grettingr clear of the bot- 
tom courses than with shallow small 
flues. 

Referring: to the construction of kiln 
bottoms, it is very bad practice to 
partially fill in the kiln excavation 
with earth, and then build the second- 
ary flue walls or feathers on this fill- 
ins. If this is done it will necessitate 
the trouble of at least partially re- 
buildingr the kiln bottom within six 
months. All filling: should be done 




Fl«. 1. Thirty F€N>t Rovmd KUn. 



hold to the welgrht of the structure 
itself. (See also Kiln, continuous, 
desigrn and construction of founda- 
tions.) 

Bottoms* 

In desigrningr a kiln bottom, the chief 
considerations are (1) an equal dis- 
tribution of the grases, (2) grood draft, 
especially In the water-smqkingf pe- 
riod, and (8) ease of cleaningr. The 
first crives grood ware over the whole 
bottom; the second quick burns, and 
the third saves tearing: up the floor 
and keeps the kiln in commission the 
maximum amount of time. 

The dead or solid bottom produces a 
higrher percentagre of defective ware 
and takes longrer to burn. As for keep- 
ing: the flues clean, this can be easily 
accomplished in a well-desig:ned riddle 
or checkered bottom. In a checkered 
bottom kiln you get grood distribution 
of heat and. with deep flues, g:ood draft 
and easy cleaning:. jB^ig:. No. 1 and 2 
show the method of laying: out the bot- 
tom of a round kiln. By desig:ning: a 
deep, wide auxiliary flue, running: . at 
rig:ht ang:les to the main or stack flue, 
thru the center of the kiln, all of the 
secondary flues can be g:iven a slope of 
approximately 45 deg:.; this enables the 
latter to shed any sand, dirt or chips 
into the larg:er flues, whence they are 
easily cleaned out thru the manhole. 
A much simpler bottom is obtained by 
omitting: the auxiliary flue and sloping: 
all secondary flues to the main flue; 
but in this case some will not have 
slope enoug:h to shed and it will be 
necessary to rake them down at times. 
So far as burning: results are con- 
cerned there is very little difference. 

Note (in Fig:s. No. 1 and 2) thmt 4he 
larg:e flues are wide enoug:h for the 
passagre of a wheelbarrow and hig:h 
enougrh for a man to work in. Even 
where sand is used in setting:, such a 
kiln will run for several burns with- 
out the draft being: aftected by the 
choking:. This type can also be cleaned 
out while the setting: is g:oing on, a 
decided advantag:e on plants short of 
kiln room. 

In Fig:s. No. 8 and 4 is shown the 
method of laying: out a rectang:ular 
kiln bottom. All that has been said 
with reference to the round kiln ap- 
plies to this type. 

Theoretically, deep flues are incor- 
rect, but in practice the deep main flue 
has been found to g:ive a distinct ad- 
vantage during the water-smoking 
period; i. e., good draft and no water 
settle. In kilns of this design, even 
where the ware was set continually in 



with hard burned brick or bats. If 
nothing else is used in the bottom and 
the masons are prevented from using 
too much mud, the original bottom will 
remain level for years. It is good 

Sractice to allow the paving course to 
ip slightly toward the center of the 
kiln. This will allow the ware to lean 
away from the fires and in a measure 
will tend to overcome the "pull" of the 
outside courses. 

Stacks. 

Cracked and shaky looking stacks de- 
tract from the appearance of any yard. 
Also, a poorly designed stack may cause 
an otherwise efficient kiln to give poor 
results. In round kiln construction a 
stack is usual ly built to serve two 
or four kilns, with rectangular kilns, 
the single or cheapest stack may be 
used, but the multiple stack system is 
the most economical and most popular. 

Single stacks should always be built 
with a separate lining (see Fig. No. 6). 
This lining need not be more than four 
inches thick, and is separated from the 
outer casing by a 8-in. air space. Oc- 
casional headers should be shoved out 
of the inner lining so as Just to touch 
the outer shell; this prevents the clos- 
ing of the air space. In such a staqk, 
the inner lining moves up and down 
freely with the expansion and contrac- 
tion and prevents any cracking of the 
outer shell. When two or more kilns 
are attached to the same stack, a 
separate inner stack should be built 
for each kiln, for when two kiln flues 
enter the same stack flue, the draft of 
one always detrimentally aftects the 
other. If the inner stacks are not built 
separately, but are, as is frequently 
done, divided only by a single wall, the 
temperature difference between the 
two sides will soon wreck the entire 
inner stack. 

Sometimes the inner stack is car- 
ried only a few feet above the point 
where the flues enter. This is an er- 
ror, as experiments during the last 
decade by one of the largest clay prod- 
ucts companies have proved decisively 
that this practice is only completely 
successful when the inner lining is 
carried up at least two-thirds of the 
total height of the stack. 

Height of Stack for KUn. 

It is generally conceded that a 80-ft. 
round kiln or a single-stack rectangu- 
lar kiln of equal capacity should have 
a 40-ft. stack, altho this can be slight- 
ly modified if the kiln is located on 
high ground. 

The question of stack area is ex- 
tremely important. Greaves-Walker 

7« 



has found, after years of close observa- 
tion and experimentation, that the best 
results on the single-stack type of kiln 
are obtained by providing one sq. ft. 
of cross-sectional stack area for each 
11 sq. ft. of grate area. Thus, in a 
kiln with 90 sq. ft. of grate area, a 
stack should be designed having a 
cross-sectional area of approximately 
eight sq. ft. Other engineers reach 
approximately the same conclusions by 
different methods, but the one set 
forth seems to be the simplest yet 
devised and therefore the most useful. 

A trouble found with most multiple- 
stack kilns is that they generally have 
too many stacks. This Is particularly 
true of earlier kilns of this type. In 
such cases a number of stacks will 
"back draft;" that is, draw the wrong 
way during various stages of the burn, 
thus prolonging it. in some cases, 
half the number of stacks in kilns of 
this kind have been bricked up, with 
the result that the burning time has 
been reduced by one-half. 

On account of the more equal dis- 
tribution of the draft, and the fact that 
less work is required of them indi- 
vidually, the stacks on a multiple-stack 
kiln need not be as high as for the 
single-stack type. However, the ratio 
of stack area to grate area is greater. 
In the multiple-stack type the proper 
ratio is one sq. ft. of cross-sectional 
stack area to 9.2 sq. ft. of grate area. 

It is good practice to provide one or 
two stacks at each end of the multiple- 
stack kiln, no matter what the leng:th. 
These stacks insure better draft at 
the wickets — spots to which it is 
usually hard to pull the heat in any 
kiln. The stacks should be equally 
spaced, as nearly as possible, on each 
side of the kiln, and, aside from the 
end stacks, one side stack should be 
provided for each three fire boxes. 

The proper draft will be maintained 
if the stacks are carried up to a 
point six feet above the inside top of 
the crown. 

Dampers. 

A great variance of opinion prevails 
among clayworkers as to the best 
method of dampering a kiln, or as to 
whether a damper is necessary. It is 
obviously impossible to get the re- 
quired results with all types of olay 
when no dampers are used. Instances 
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Fig. 2. Thirty Foot Round Kiln Bottom. 



of this would be dark flashed face 
brick and salt-glazed ware. In some 
cases, under the direction of expert 
burners, perfect results can be ob- 
tained without the use of dampers. 
However, since only about one plant 
in fifty* is equipped with experts, a 
kiln is required which can be han- 
dled by the kind of labor that is with- 
in the reach of the other forty-nine. 

Many types of efficient dampers are 
available. The hinged damper at top 
of stack is very good, but not at aU 
popular because of constructional dif- 
ficulties. The sheet damper, dropped 
into the stack fine or shoved into the 
stack, is simple and efficient, but when 
made of sheet or cast iron becomes 
troublesome thru warping, and when 
made of fire clay slabs or bricks It is 
cumbersome to handle. 
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Another type» efficient and easy to 
operate, except in cases where much 
flashing: is done, is the wicket damper. 
It is merely an openingr near the base 
of the stack equal in area to the cross- 
section of the stack. When the kiln 
has full draft this openingr is closed 
with brick, mudded over. As it be- 
comes necessary to cut the draft the 
brick are removed from the wicket 
one at a time. The rush of air into 
the stack thru the opening thus made, 
cuts the draft in the kiln as effectu- 



the frequent burningr out of fire box 
arches 

These difficulties must be borne in 
mind in determining: the thickness of 
kiln walls. Considered from all ane:les, 
thin, straight walls are best, if they 
can be insulated, as in this case the 
fire box is thrown inside the kiln and 
the fuel does not waste a lot of its 
enerer in heating up and burnine: out 
the walls. The setting: space lost by 
projecting: the flre boxes in to. the cham- 
ber is a considerable item, but cannot 
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ally as tho a sheet had been shoved 
into the flue. If more draft is required 
after once cutting:, the brick are re- 
placed in the wicket. In the sing:le 
stack it is necessary to choose one of 
the above methods and put up with the 
difficulties encountered. 

Multiple-stack reotanffular kilns are 
likely to require more dampering: than 
the sinsle-stack round type, unless 
operatea by expert burners; this is 
caused by allowing: the fires to g:et 
hotter in one part of the kiln than 
another, the heat from the balance of 
the kiln being: naturally drawn toward 
this "hot spot." Some means must be 
used to correct this condition, and the 
damper is usually resorted to in an 
effort to drive the heat to the cooler 
portions. It is conceded by experts 
that a damper is not necessary to cor- 
rect such a condition, but the ereat 
majority of burners are not capable of 
handling: the situation without a damp- 
er, which therefore becomes a com- 
parative necessity. The kiln desig^i 
has much to do with the case. Proper 
stack, flue and flre box proportions tend 
to make it easier to control and pre- 
vent such conditions. 

When dampers are necessary in a 
multiple-stack kiln, the easiest and 
cheapest one to use is a flat sheet of 
iron laid on top of the stack. The 
stacks are, as a rule, low enouffh to 
reach from the top of the wall or 
platting:. Any of the methods sug:- 
crested for a sing:le-stack kiln may be 
used on the multiple-stack type. 

'Walls and Crowns. 

There is no standard thickness for 
kiln wall, but there is a maximum 
limit to which it is necessary to build 
them. Three points are g:enerally kept 
in mind by the dayworker when build- 
ine a kiln: He wants (1) a wall of 
sufficient thickness to stand the strain; 
(2) a wall of such thickness as to 
prevent excessive radiation, and (8) a 
wall thin enoug:h to conform to g:ood 
flre box desig:n. Walls can be found 
all the way from 18 ins. to 6 ft. thick. 

The 18 -in. wall referred to fulfilled 
all requirements of streng:th and grot 
away from concentration of heat in a 
deep flre box, but it allowed excessive 
wall radiation. The 6 -ft. wall g:ot 
away from excessive wall radiation, 
but concentrated the heat in the flre 
boxes, thereby entailing: heat losses in 
the walls and hig:h repair charges thru 



be compared with the saving: of time, 
fuel and repairs during: the life of 
a good kiln. If an uninsulated wall is 
built, it must be as thick as possible 
and still be compatible with g:ood flre 
box desig:n. 



The work vT'as done under the super- 
vision of Prof. A. V. Bleining:er, IT. S. 
Bureau of Standards. 

1. Sewer pipe kiln — ^burned to 2,000 
deg:. F.: Heat lost by flue g:ases (thru 
stack), 18.60%; heat lost by ashes, 
4.58%; heat lost by radiation and cool- 
ing: ware, 71.10%; heat actually used 
in burning: ware, 5.70%. 

2. Paving: brick kiln — burned to 
2,030 deg:. F.; Heat lost by flue g:ases, 
29.9%; heat lost by ashes, 3.9%; heat 
lost by radiation and cooling: ware, 
54.9%; heat actually used in burning: 
brick, 11.3%. 

3. Building: brick kiln — burned to 
2,000 deg:. F.; Heat lost by flue g:ases, 
27.33%; neat lost by ashes, 8.61%; heat 
lost by radiation and cooling: ware, 
49.61%; heat actually used in burning: 
brick, 19.65%. 

Experiments have shown that ap- 
proximately 25% of the heat stored In 
a kiln Just off fire is recoverable for 
use in waste heat drying:. This, -ac- 
cording: to the above table, leaves ap- 
proximately 26% a dead loss. Con- 
sidering: the last and best case olted 
above, these figures mean roughly that 
on an averag:e yard, burning: coal at 
$2 per ton, and using: 1*200 lbs. (or 
$1.20 worth) per thousand brick, only 
24 cents in actual value is actually 
being: used out of each 1,200 lbs. In 
other words, 96 cents worth of coal is 
being: lost out of each 1,200 lbs., or 
$1.60 out of each ton costing: $2.00. A 
rather stag:g:ering: loss; but the impor- 
tant point Is that out of each $2 ton 
of coal, 60 centfl worth is being: lost 
thru the walls and crown. 

Taken the country over, a g:ood ma- 
jority of kilns are probably losing: 
more than 25% of their efficiency thru 
the walls and crowns, and in many 
cases they are burning: coal costing: 
from $4 to $6 per ton. 

Yet to a great extent this loss is pre- 
ventable. 

For a number of years,. metallurgical 
engineers have experimented on fur- 
nace walls, using various methods of 
construction ana various materials. 
The dead air space or hollow wall has 
been thoroly tried and found wanting. 
This is not due to the dead air space, 
since all successful insulating is based 
upon it. The trouble is that large air 
spaces are not efficient at very high 
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Fig. 4. Rectangular Kiln Bottom. 



Generally, the walls of rectangrular 
kilns are built thicker than those of 
round kilns; this is made necessary by 
the difference in the methods of ironing 
the walls. The bands on a round kiln 
are much more efficient than those 
on a rectangnilar kiln. 

ESIilclency of Down-Draft Kllm. 

Before going further into this sub- 

Ject, the efficiency of the down-draft 
:iln may be considered The results 
in the following tables ^Anresent heat 
balances taken *>" thi-.- rep»^ -^^.vincr 



1 on thre\ ^®Pi«a working 
under normal conditionl W»^f nrobably 
represent average co^l» ftn<*.^ on the 
average yard, taken tW^Ul^^ ttV ®^®'' 

77 C^^ 



or very low temperatures, such as pre- 
vail in furnaces or ice houses. The air 
space must be infinitesimal in sise in 
order that circulation may not be set 
up when there is a temperature differ- 
ence between two of its walls or sides. 
Also it is impossible to prevent leaks 
into large air spaces from the outside 
or inside, under the conditions exist- 
ing in a furnace or kiln. Of course, 
this utterly destroys its usefulness. 

New Form of Insalatlon. 

The essential consideration, there- 
fore, has been to find some material 
which had the properties of hollow air 
space, that would resist high temper- 
atures, and at the same time prevent 
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the aettlne up of air currenU. Severa.1 
kinds of dlatomaceouB earth have been 
most Buccessfully used, tbe one known 
as kleselKubr belne perhaps the best 
known. L&r^e depoHlts of It exist In 
California, and it ie now being- made 
Into brick or blocks of standard Are 
brick size. It is also used In Its raw 
state In a furnace wall aa Is cork or 
aawduat In a flreless cooker or Ice 



brick. Therefore a 
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Flit. 5. Tito- Slack KllB. 



. __ 1 brick in tblok- 

__. .. furnace wall. Numerous 

university laboratory tests show that a 
<-ln, lining- of InBUlatlne brick in a 
furnace wall which is under constant 
heat, will Drevent GO to 76% of the 
radiation. In a kiln, the saving; would 
be even greater, since It Is heated up 
only periodically. Theoretically, it is 
estimated that a saving of t9.T6 par 
kiln would thus bo effected on a 30 ft. 
round ktin with a holding capacity of 
65,000 building brick, where coal coat- 
ing t2 per ton Is used, and 1,200 lbs, 
of coal are required per 1,000 brick. 
This Is based on the flgures given for the 
loss on a kiln of brick used in conjunc- 
tion with the 60% aavlRK derived from 
the use of a 1-In. lining of Inaulatlns 
brick. In actual practice, the saving 
would undoubtedly be greater than 



kiln 
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r kiln aggregates t234 e 






Cost of iBialallOB. 

In no aection of the country should a 
4(4-ln. lining of this material for a 
3D-ft. kiln exceed tlOO; In some sec- 
tions, It may drop to one-half that 
amount. Since It replaced an equal 
amount of common brick and the wall 
will be built conalderably thinner, it 
irvatively figured that (30 



the increased speed in burning. 



by skimping on the iron work: for no 
matter how carefully the kiln has been 
constructed otherwise. If it la not 
properly Ironed It aeon becomes waste- 
ful. Cracks In the walls will appear. 



each header. 
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Ing free. In a 
n It Is always 
1 the fire brick 
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For round kilns, the steel shell li 
most efficient. It holds the brickwork 
absolutely In place, and cracks posi- 
tively cannot open up. It Is also a 






f roper depth of the Are 
must be considered In de- 
teriilnlns the wall thickness. 
Por best fire bon results it 
should not be over 40 Ins. Walla 
of rectangular kilns when un- 
insulated should not exceed 4S 

tion is used, the round kiln wall 
may be 27 ins. and the rec- 
tangular kiln wall 36 Ins. -When 



r coal sfack with .. . 

Down-Draft Kila CoastraetloB. 

It is scarcely an exaggeration 
to Bay that G0% of kilns built 
are practically wrecked within 

the first five years thru poor 
workmanship In construction. 
- Little, If any, attention Is paid 
to the proper tying together of 
the wall In an endeavor to 
make it act as a unit, and 
little attempt is made to 
allow for any expansion. 
Poor mortar Is often uaed, 

avoid the use of 
mortar. Ordinary iimi 

a mixed by brick' 

1 labor, is totally — "■ 

10% ._ 

probably best. The wall 
should be thoroly bonded 
together, and every precau- 
..__ ._._ _ -J prevent ma- 



Uaing Harrop's method" o^ calculating 
the size ot a crown band nMessary 
on a 30-ft. kiln, one band tWas. by 
% In. Is found sufficient. " "- — 
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japecially light onei. 
and If two bands are used 
break and atlll do no dama„-. _. ., 
very good practice, therefore, to pro- 
vide two 6-in. by M-In. banda set three 
Inches apart at the crown seat. Below 
them, one 6-!n. by Ji-ln. band is Set at 
the furnace arch, ]uat catching tbe 
*"P of the arch brick o" *■'--'■ " — •- — ■ 



firmly under tbe crown band and the 
bottom band. Above the crown bands, 
two 4-In. by H-ln. banda should be 
placed, but no slats are necessary. 
■- - round kiln, with the furnaces 




and ftoora: yc 

mPthods. In actual practice, are very 
poor. Any expansion joint which can 
become tilled with sand, mortar or 
chips will simply help to wreck the 
kiln. Allowing for expansion In the 

Joint of proper thickness la unqueatlnn. 
ablj- the best method. This applli 



saitat 



e brick and c 
I the 



s of s 



1 thri. 



and 



: applied ^ _ _ 

not necessarily mean that the Joint 
should be thick. If It Is made thin 
and each brick malleted down to a 
level, a far neater and more service- 
able Job can be gotten than by dipping. 

Ironing the kiln walls properly is 

There is no good Judgment in spend- 
ing 12,000 to tB.OOO on a kiln, and cut 



Iron 1b B Redan KBiar KUaa 

For Iron 
standard I 



nto the ___ _ .__. 

end one rail or smaller channel should 
be placed at the same height. Below 



. on a round kiln. 
. channels should bA 
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The I-beam should be tied toeetheT 
with l^-in. rods across tha crowd; 
It la very Important that these rods 
should always be kept tiKht anough 
to "bIhk" when tapped with a hammer. 
Many crowns are ruined by allowiiiK 

have a bad hab 

_.. hins and require 

Ing. A rectangulBr kiln la most liable 
to Injury when coolInK: during the 
flrlng period the rods are stretched 
and when the kiln cools down they do 
not return to their former lenKth, thus 
allowing the crown to settle sllBbtly 
after each burn. This soon results 
in a danKsrous or wrecked crown. 

Tfee KUn Crowa. 



t period. Tet the majority of kiln, 

require at least two crowns during 
that time, making It obvious that some- 
thing Is wrong with the design or 



CrowB SprlBK Accurately Dclcnalacd. 



from a line drawn thru I 






the { 



distant 

the wail~to'the'top' of fhe "inBide of 
the crown should be one-fourth the 
diameter of the kiln. For a rectangru- 
lar kiln, this distance Is one-third of 
the Inside width. These figures have 
been determined as the best for obtain- 
ing a crown with longest life, and 
also as best for burning results. It IH 
known that a kiln with a high 



1 fuel 1 






„.. .- „_rn, and gives poorer 
than a. kiln with a lower 
crown. However, If the crown Is too 
low the top ware Is likely to be over- 
burned or the capacity of the kiln de- 
creased in an effort to avoid setting 
too close to It. 

Concerning the proper method of 
starting the crown ofC the walla, the 
skewbaok has undoubtedly dropped out 
Of use to a considerable extent, being 
replaced by an arc of a circle of very 

the proper circle of the crown la 
reached. Theoretlcallv, It has been 
proved by Harrop that the crown 
started on skewbacks exerts less total 
thrust on the crown bands than do the 
other type crowns, but this thrust la 
exerted along a single line. Thus, In 

arc, the total thrust may be greater, 
but It Is distributed over an area equal 
to the entire helgrhl of the starting 
arc, and at any given point Is com- 
paratively small. On a round kiln. 
should the crown bands break In th« 
case of a skewbaoked crown, the whole 
thrust of the crown is exerted along 
the line of the bottom of the skew 
with nothing but the friction of a 
single mortar Joint to stop It from 
_i 1 — -» __.. [„g collapse. 



Wher 



the 



, all 



tied together), from the point -i 



the 



D the 



a of t 



_- pushed out before 

can take place. Moreover, each brlek 
In the arc Is really a akewback and 
we therefore have the total friction 
offered by a number of mortar Joints 
Instead of a single one. 

In actual practice, a number of In- 
stances have been reported where the 
" ■ which 






lother 



portant point. Instead of supporting 
the crown on the Are brick Inner lining, 
it should be set back on the main 
wall. Invariably, crowns crack badly 
over each Are box. This Is partially 
due to the greater expansion over each 
eye and partially to the continued 
burning away o( the lining at this 
point. Also. It Is generally noticeable 
that when It la necessary to repair 
the lira brick lining over the Ore boxes, 
a portion of the crown often comes 



>uSle "wlfi'l 



__- ..>ndltiona. fuel, labor, and ma- 
terial considered. A furnace to be 
adaptable '" '" " '''~ 



In building a rectangular kiln crown, 
the use of forms ana lagging makes 
It easy to obtain the proper circle. In 
round kiln construction several methods 
are used to obtain the correct circle. 
Fig. No. 6 shows a simple one. One 
of the best features Is that If a course 
of brick slips out of place. It must be 
put back before the gage will revolve. 
This prevents the mason from "slipping 

Good WorkmaBshlit Important. 

A crown of theoretically perfect de- 
sign means little unless the workman- 
ship la flrat claas. Even a poorly de- 
signed crown, carefully built, win give 
long years of service. To build a per- 
fect crown, there should be no varia- 
tion In the shrinkage of the Are brick, 
and they should be dipped and malleted 
Into place. In careful metallurgical 
furnace construction, a minimum varia- 
tion In size, often as low as 1/IS to 
I/lS In., is demanded. With such brick, 
perfect work can be done with dipped 
brick. Under average conditions, how- 
ever, by far the beat Job can be done 
by using a trowel and malleting the 
brick to a level coursing, at the same 
time using the smallest amount of 
mortar possible. 

In a round crown, each course should 
be keyed tight with a driven key. ' 



home with a sledge hammer 

and wooden block. If the auperln- 
tendent or engineer properly attends 
to the keying up. much money and 
trouble will be saved thru the long- 
lived crown that will result. This It 
a Job that should never be left to the 
mason's Judgment. 

Vent holes may become sources of 
weakness in a crown. For this reason 
they should be built of special block. 

Rectangular kilns, up to SO ft. long. 
require only one expansion Joint at 
each end and none In the middle. Over 
GO and up to 100 ft., an additional Joint 
Should be left In the middle. Bxpan- 

-I — <„■_>_ ■„ ^pa Invariably 

The covering 



proper 



combust 



rdlni 



low 
elB- 



olently h .... 

(3) easy to control and to produce 
either reducing or oxidliing conditions; 

(4) have a low upkeep. 

A very important Item In kiln design 
Is the ratio between grate area and 
kiln i^oor area. If best results are to 
be obtained, the definite limits to this 
ratio must be observed. 

The upper limit is one sq. ft. of grate 
area to four sq. ft. of floor area: the 
lower limit Is one sq. ft. of grate area 
to eight sq. ft. of floor area. For 



burning Are brick, the ratio should 
approach the upper limit — one to four; 
white for handling a clay with a short 
..i.-i«.„.> — .h„ lower limit 



Grale Area Ratio Important. 

For best results In SBlt-glazIng the 
llmlta should be confined between one 
to six and one to eight. In going 



1. considerable 



The higher the grate 



„ will invariably give greater 

burning speed. 

Fig. No. T gives an Idea of the fur- 
nace suggested. Note that the grate 
bars are easily accessible, that the 
furnace Is easy to clean, and likely, 
therefore, to be popular with firemen- 
It requires no doors, yet can be abao- 

of slack will elfectually close the feed 
hole, or It can be left partly or en- 
tirely open. Doors are an advantage 
on any furnace, however, and perfect 
control and efllclency cannot be ob- 
tained without them. This furnace Is 
so simple as to be very easy to keep In 

Note especially the distance from 
grate bars to top of arch, an Impor- 
tant Item [n any kiln furnace. Ample 
room Is necessary over Area If coa- 



for an expansion joint should be "bollt 
In" whenever possible. 

Crowns can and should be Insulated. 
If a 13-ln. wall Is carried up from the 



base of the crown to within 18 Ini 
the top, and the apace Ailed ' 
tamped with flne, ' ' " ' " 



avoided. A 1 
heat and heats up the kiln walls 1 
^ead of the ware; a high c " 






. get ! 



I kiln where It be- 



._ .out aahes. .. 

. good insulation will be secured. 

Over this Ailing a tagging of brick 
should be laid and this covered with 
a coating of Ilme-cement mortar. 
Burnt-out ashes, especially the light, 
fluffy kind, make excellent Insulation 
and are generally procurable on a clay 
plant. Unburned carbon should always 



Is is not an attetaht to convince 
one that aiiy,. aPeclni tvoe of fur- 
Is beat. There ^' 'CXany BOf>* 
when used unflft*^* ^ „ar con- 
ns. The one desoAt* pfPtiy rep- 
.t. one Of th^'^^^^iVejel/, (Sr 



If furnace arches are built of fire 
clay shapes or blocks, hundreds of 
dollars yearly will be saved In elimi- 
nating the trouble of replacing arches 
built of brick. Such shapes cost bdt 
little more than the equivalent in 

naces to stand for years without at- 



bulld a high bag t 



question merely of round or square. 
' Igh or low. It may b" ■- 

__ :: _ high b 

from flashing; ._ .. 

to the center of the kiln; to prevent 
the ware from being drawn Into the 
Are boxes or to prevent melting. In 
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I ahajiB, the seml-clrcuIU' plank, with two 1 



bag probably Ktvsa longest litft. 
brick kilns, wbere tbe aetf — '- 
up tlKbc aKalnat the baga, 
cfrcular type offers grbAtet 



:ruahtnK and the pull of tbe flres 
than the rectunsular type: It la also 
moac economical of floor space. (Bee 
also several items under Kiln, inter- 
mittent, and Kiln, down-draft.) 

BUILDERS (see catsloK aectton): 
American Dressier Tunnel Kilns, Inc. 



Hadfield-Penfleld Stee 



Co. 



S8T— KILN, DOWK-DRAPT, METH- 
ODS OF SBTTIMG. — The variona meth- 
ods of setting brick In a down-draft 
kiln may be divided as tollows: Com- 
mon brl " 

en am 'ed brick setting:. 
Cammom Brick Settlac 

The market price of common brick 
necessitates their being produced as 
cheaply as possible, anC alnce color is 
not a primary requisite, it matters 
little whether the face la llaahed or 




'alloB. fllBsle Header 






: handles, and 



slonally puahed thra aa necessary. 

In rectangiilar kilns, one tollow-board 

'~ — lueh; in round kill ' " 

red to accommoda 

This method, altho a 
the Impression of cuti 
--' -' "eins too tight, is .. _ _ 

and is obviously very fast. 



to the gases v . .. _ 

and If these are not oashed, th«r« 1 
the additional advontase of bavins two 




Double Tki 



Five OB Two. 



chance for "kiln markli 



of the ~ki^ 



DnSashed Briek Bcltlac, 

To prevent flashing, It Is necei 
to protect both faces and heads- 
Is done by "faoinr* the brick 

"hutting-" the heads. The well-k: 



with In setting anflashed face brick. 
One of aeveral methods used Is shown 
In Pig. No. 6. 
FUahed Face Brick Bettl>v 

Setting brlok so M to get flashed 
faces presents many diaiouTties. Pri- 
marily, If entire kilns of flashed faces 
are required, the difllculty Is oftSD 
experienced of dealing with raw mate- 



nd atieteher. 



menu (see Fig. No. 1 and S). It is 
quick and can be done by Betters with 
but little skill, and. above all. It Is a 
very stable method. The question as 
to whether the brick 

Iim "five on two" la simply 
one of drsft and must 
-in' be determined (or each 
8 I individual case. This Is 
also true In regard to 

" " ' tie-courses and to the 
tylng-m ol the heads. 



tlngr common brick la 
known as the "tight- 
bolt" method, which Is 
widely used In Canada 
and England, in both 



futei'y tight benches, all 
headers, running from 
bag-wall to bag-wall. These benches 
are set approximately one inch apart 
to allow for draft space and are kept 
from "roiline" by passing thru an oc- 
casional brick In every fourth or flfth 
course, so that it touches the bench 





Fl(, 7. Method of BcltlBK Whale KU>i 






]f "double two on one," "double 

n one," and "double flve on two" 

^d (see Fig. No. B). With care 

burnlngr, this type of setting is 

latlsfactory. It requires great skill, 

* all brick i " 









'ectly faced < 



"seconds" 



'ectly 1 

laid down, all brick must he set In 
perpendicular lines. In order that the 
fire gases may flow unchecked to the 
bottom. 

Where burning can be done under 
continuous ozldUing; conditions, as In 
cases where natural gas, producer gas 



eight. "Rolling" or 

iBults With thfs method. Tho 
selling space Is reduced and there Is a. 
greater tendency for brick to stick at 
V it rifled temperatures, unless sand is 

Fortunately, the market for flashed 
brick has been educated to demand a 
wide variety of flash marks. Tbls 
allows the manufacturer to set part at 
his kiln on edge and part on the fl&U 
In fact, the more varied the aettlnv 
the greater the variety r' ■-' 



of Tight Bolt 



behind. The proper spacing of the 
draft space is made by a "follow- 
board," which is pulled up as the 




oil are used, the "tight -bolt" method 
1 be used with success (see descrlp- 
n In second paragraph above). With 
B iiietbod only the heads are exposed 



In Pig. No. 
methods of aettlna < 

in their beds or fli 

tlon of how many brlok 



8 and 9 are shown t-wo 

~ entire kilns of brIcK 

' sides. Ths que*- 
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lach other before the coursing 1b 
en by a runner or tylng'-courae, 
also BM to vbat helgtit t&e setting 

rmlned for each material. No set 
I can be made for this. 
Fig, No. 10 Is ah own a method 
' ■ - ^adaptation of the "tight- 




one flashed face. 
sulIlceB lor a rouKi 

but malces It undeair _. 

face. It will be noted that 

heads are taken care of In 

In the manufacture of rouKh 



tured brick, 
(or a smooth 
flashed 



textured bricli 



1 rule 



any ware, It can absolutely unmake all 
of the quality that has been sained 
thru care In every process. JLarEe 
kiln loSBGs will cause the failure of 
any plant. Kiln experts, trained Irom 
piiiBrlBnce, can show a manufacturer 
lis trouble He*, can decrease 
iBumptlou, reduce kiln losseB, 






Increase quality, plan new kiln In- 
stallation a and alto cither save far 
more than the charee for their serv- 
ices. (See alBO EnKmeer, clay plant.) 

EXPERTS (see catalog Bcctlon): 

American DreHHler Tunnel Kilns, Inc. 

Hadfleld-Penfleld Steel Co. 

' ■ il Clay Machinery Co. 

r fire: box, — Every type 

of kiln has a Are box suited to tne 
construction of the klln. The up-draft 
kiln really has no Ore box except that 
the green brick are set to form what 
Is called an "arch." The fuel Is fed 
Into the ends of these arches, and the 
corresponding holes thru the wall of 



In burning with 



oil 



producer gas. the burner 



strtui 



: the Ore box, altho 



the 

the brickwork surrounding the burner, 
where complete combustion takes place, 
might be termed the Ore box. Some 
continuous kilns are fired from the top 
and use no Ore box, as the fuel Is 
burned in contact with the ware. The 
term "kiln flre box" Is therefore under- 
stood to refer to all other kilns where 
coal Is used as fueL 

There are quite a few different types 
of Are boxes In use. One of the oldest 






1 and 1 



InduBtry almost exoluBlvely, __ 

with flat grate bars, patterned to a 

Seat extent after the old type hand 
ed boiler flre box. 

Othere use an Inclined grate HUOOesS- 
fully. At some jjlants _the f-*"-- '- 



lade ol portable 



the 1 



size 



and I 



I made of brick built in 
r the kiln. In 



flues beneath the kiln floor, thence 
Into the main flue and later to the 
stack. Many plants also uee special 
shaped blocks for the skew of the 
crown, for the arch over the flre box, 
and around the vent holes In ths 



Kiln. 



n of foundatlor 



; and Foundation. 



- Glailng 



SSI — KILN, PRTT. — An average sls« 

frit kiln, used In the r •'— "' 

frit Cor glazing purposei 

materials, how to prepi , ._ 

IBM ft. long, 4 ft. wide, and * ft. high; 
the part containing the frit Ingredients 
Is 11 ft. long. The capacity la about 
id tons every two weeka. After having 
been flred for 3^ to 4 hours, BOO lbs. 
of fluid Irit flow into a shallow Iron 
tank containing three Inches of water. 
The contact with water soon causes 
the frit to solidify. The shattered 
glass fragments are piled high in a 

glaze mills. After being used two 
weeks, the frit kllti is rebuilt and re- 
paired. The process Is an English 
one. (See also Prit and Prlt Brick.) 

3n— KILM IIISTII.ATION.— This la 
effected principally by placing insulat- 
ing brlok or an Insulating compound 
on the crown of a klln. The aame 
beneflt can be obtained by using In- 
sulating brick In building the walla 
of a klfn. but aa ordinarily constructed 
most of the radiation and lose occurs 
thru the crown of a klln. Cinders have 
aleo been used tor this purpose. A 
klln for burning the lower grades of 
ware will have walls of IS or as much 
as 30 Inches, and have a crown that 



Fig. 10. Tight Bolt Flat Betting. Bel 



set combination kilns, part on edge a 
part flat. The klln Is divided so as 
provide the proper proportion of ea< 



portlone ol kiln flre boxes are impor- 
tant Items. It Is necessary to get the 
proper amount of air for the fuel to 
be burned and it Is also Important to 
finish the burning as fast as can bs 
done without injuring the quality of 
the ware. In order lo control these 
variables as much as possible, and t~ 



__ _..e market. ._.. ._ 

hand operated and Klln. down-dr> 
design and construction.) 

MANUFACTURER (see catalog s 




Comblnatloa Plat uil Bdgc Setting. 



EXPBB.VB. — These a 
men wnose iralnlng and expert en 
qualifies them especially as experts 
klln construction and operation. It b 
-well been said that the operation 
the kilns of a plant can make or brei 
the success thereof. While the meth< 
of kllD operation cannot correct t 
mlmtu-ltoa made In previous work i 



nches Including the platting or 



High temperature 
de walla 



laying up the 

of a kiln be- 

of the tact that they 



SM — KII,1f FLOOR BRICK AND 

SHAPES.— Floor brick %r&rBed only In 
down-draft kilns, Th^i Irv "> <"" 
and shape a great d^^^, ''"itelT pur- 
pose Is to make a levs)-t. ^"n Which 
to set the ware to >r floof "Ia. with 
holea or perforations ^ Viirll''jv floor, 
by means of which ho, \V *" iW^L" and 
draft after asslstlns *^^T« fl^^* the 



11 up the Joints hi 

ct as an Insulator, (see also (Jeroents, 
'aterprooflng; Cement, high temper- 
tures: Cement, Insulating; Brick, In- 
illating: Klln, down-draft, design and 
onstructlon and Klln, continuous, de- 
ign and construction of main walls.) 
MANUFACTURERS (see catalog sea- 



MANUFACTURERS' ANNOUNCE- 
MENTS : 

Cellte Products Co.. Monadnock 
Bldg.. Chicago, and nine branch 



Kiln 
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Kiln 



offices. Sll-O-Cel Is the trade 
name of the material frequently 
referred to as Kieselfinihr or 
diatomaceous earth. It is prac- 
tically pure silica, and altho ex- 
tremely ligrht in weifiTht, possesses 
sufficient mechanical strengrth for 
all insulating: purposes. It is 
furnished in both brick and 
powder form and may be applied 
to all types of kilns without 
chansre in desigrn. According: to 
U. S. Bureau of Standards, Sil-O- 
Cel insulation possesses a melt- 
ing: point of 2.930 des. F. and it 
withstands without shrinkagre a 
direct heat of 1,750 degr< Tests 
of insulated and uninsulated 
kilns prove that from 60% to 
70% of the heat lost by radia- 
tion can be saved by insulation, 
resulting: not only in lower fuel 
requirements, but also in in- 
creased capacity and in a larg:er 
percentag:e of perfectly burned 
ware. 

893-— K ILN, INTE3RMITTE3NT, 
MUFFLB DOWN-DRAFT.— Muffie kilns 
are used in the burning: of certain 
classes of clay g:oods that cannot be 
burned in contact with the tire g:ases. 
Various lines of pottery, terra cotta. 
g:lazed brick, wall and noor tile and 
other wares that are apt to sufter from 
flashing:, reduction or sulphur discolor- 
ations require to be burned in muffle 
kilns. 

The typical muffle kiln, instead of 
being: made up of many small vessels 
or cnambers that are^drawn and set 
each time with the ware, consists of 
an enclosing: chamber permanently 
built on the inside of the kiln proper. 
The ware to be burned is set inside 
of this chamber, after which the cham- 
ber is as nearly hermetically sealed as 
can be done with fire clay mortar. 
Between the ware and the hot g:ases 
is an impervious wall thru which the 
heat must penetrate before it can affect 
the ware inside. The heating: is done 
larg:ely by radiation and conduction 
from the inside of the enclosing: wall 
by the energy that has been con- 
ducted thru the brick and clay of this 
wall. The principal means of trans- 
ferring: heat in ordinary kilns, namely, 
convection, is therefore eliminated. 
Consequently, waste of heat in a muffle 
kiln is enormous, and the kiln can only 
be employed where the value of the 
ware warrants such processes of manu- 
facture. 

The essential parts of a down-draft 
muffle kiln are (1) an outer shell 
similar in all respects to the down- 
draft kiln, and (2) an inner sealed 
chamber with space left between the 
two for circulation of the kiln atmos- 
phere. An improved construction pro- 
vides a center opening: down which 
the hot g:ases pass into a well beneath 
the floor. From this well the g:ases are 
distributed thru radial flues to as many 
exhaust stacks. The object is to keep 
the g:ases in contact the longest pos- 
sible time with the larg:est possible 
amount of muffle surface for the space 
within. The width of the muffle cham- 
ber cannot economically be larg:e, as it 
is difficult to maintain a uniform tem- 
perature in a larg:e space where little 
or no movement of air is possible. 

BUILDER (see catalog: section): 
International Clay Machinery Co. 

304 — KIIiN, INTBRHITTESNT, RESC- 
TANGUIiAR DOWN-DRAF T. — ^The 
handling: of the output of larg:e brick 
plants requires that space be econo- 
mized in every possible manner. The 
distance which the brick are trans- 
ferred from dryer to kiln and from 
kiln to car must be reduced to the 
minimum. This Is accomplished in a 
largre measure by eliminating: the round 
down-draft kiln, which as a rule holds 
30,000 to 60,000 brick, and using: a 
rectang:ular down-draft kiln which 
holds 150,000 to 200,000 brick. To burn 
this number in round kilns would re- 
quire several times the amount of 
space occupied by the rectang:ular kiln, 
and would also entail a much larg:er 
expenditure in construction. Thus, the 
rectang:ular kiln is a vital factor in 
economizing: space, and, tho not ordi- 
narily as susceptible a contrivance to 
delicate regulation in burning, is 
widely used and is eminently suc- 
cessful. 

Rectangular kilns are built from 16 
to 20 ft. wide and as long as 100 ft 
In this style of construction, it Is clear 
that the conditions which must be met 
In controlling the draft will differ 



somewhat from those met in the round 
kiln; but the general principlet of 
draft movement discussed under the 
latter head (see Kiln, intermittent, 
round down -draft) will apply equally 
well to the rectangular kiln. In par- 
ticulars of construction, namely, kinds 
of flre place, use of false floor, height 
of kiln and relation of kiln floor and 
flre holes, the same rules will likewise 
hold good for the rectangular kiln. 

CompartBg Side Stack and Bad Stack 
Drafts. 

The stack which controls the rec- 
tangular down-draft kiln is located at 
one end or at the side. Experience 
indicates that it is not possible to ob- 
tain good draft regulation over all 
parts of the kiln by the use of the 
end stack unless the principles of flue 
arrangement described under round 
down-draft kilns are put into effect 
(see Kiln, intermittent, round down- 
draft). Nor will a single open flue in 
the center suffice; this flue must be 
covered and lateral flues opening into 
the center flue constructed. The open- 
ings from kiln chamber into both 
central and lateral flues should be 
proportioned in relative size according 
to their distances from the stack, and 
in total area according to the cross 
section of the stack. (Generally, these 
openings should in any portion of the 
kiln decrease in size from the sides 
of the kiln to its center; and be 
gradually made smaller towards the 
stack end of the kiln. Their total area 
should be less than the area of the 
stack, in order that an equal force of 
draft may be kept up in each one of 
the flues. 

A common way of operating the 
rectangular down-draft kiln with an 
end stack is to divide the flue system 
into two parts. The main flue is 
divided by either a horizontal or ver- 
tical partition extending to the base 
of the stack; each part of the flue thus 
controls a definite portion of the kiln. 
Dampers in each of these divided flues 
may be used to change or cut off en- 
tirely the draft from one section of 
the kiln, in which event the whole 
strength of the stack draws on one 
part of the kiln only. This arrange- 
ment amounts practically to the use 
of two stacks, each controlling a 
deflnite proportion of the kiln space, 
and is not ordinarily as successful as 
the graduated system. 

The side stack draft usually affords 
a better control of the kiln. The flue 
system is here generally divided into 
three sections, separate flues leading 
to the stack from each section. By 
damper control of each flue the flow 
of gases from any fraction of the kiln 
can be regulated. This flue arrange- 
ment, when combined with proper floor 
construction, can be made to give ex- 
cellent results. 

Two stacks are also used with the 
rectangular kiln. They are usually 
situated at the sides and each controls 
a share of the kiln. By a central 
dividing partition in the main flue, 
good work may be done in the two- 
stack kiln. 

Mnltiple-Stack Kilns. 

Multiple-stack kilns are extensively 
used. The use of many stacks necessi- 
tates the division of the flue system 
into as many parts as there are 
separate stacks. Bach stack thus con- 
trols a small system of its own which 
is separated from the others by solid 
partition walls and which may be 
operated more or less independently of 
all the others. In the construction of 
multiple stack kilns, however, it is 
imperative that there be combined a 
proper relation between the size of 
stack and flues, and the correct dis- 
tribution of the inlets into the flues 
from the kiln chamber; otherwise even 
burns are as difficult to realize as in 
any other class of kiln. But if these 
requirements are fulflUed, excellent re- 
sults can be obtained. 

Otkcr Considerations. 

Some authorities contend the use of 
many stacks is seldom necessary. The 
cost of construction and maintenance 
are usually high. Great care must be 
exercised in burning where there are 
many stacks to supervise. And while 
it is conceded that as perfect work 
can be accomplished in multiple stack 
kilns as in other types, these authori- 
ties do not approve of dividing among 
many stacks the work that can be 
done equally well by a few stacks or 
perhaps a single stack. 
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As in the case of a round kiln, some 
advocate a center stack construction 
which appears to offer certain advan- 
tages. The number of stacks needed 
would depend upon the kiln length; 
thus, one stack in a short kiln, and two, 
three or more stacks in longer kilns. 
Each stack could control a space about 
equal to an average round kiln; the 
radial flues and inlets being propor- 
tioned and arranged as in a round 
down-draft kiln (see Kiln, intermittent, 
round down-draft). This arrangement 
in a rectangular kiln would present 
the same advantagres of rapid and 
uniform heating and general economy 
as does the center stack in the round 
kiln, the sacriflce in kiln space being 
more .than offset by other savings. 
(See also Damper, kiln and boiler, and 
several items under Kiln, down-draft, 
and Kiln, intermittent.) 

BUILDERS (see catalog section): 
Hadfield-Penfleld Steel Co. 
International Clay Machinery Co. 

89S— KILN. INTBRMITTBNT. ROUND 
D01¥N-DRAFT. — The type of down- 
draft kiln that is used more than any 
other in all branches of the clay in- 
dustry is the round single-stack kiln. 
Numerous modiflcations of this type 
have been made, to suit the conditions 
and clay of different places, but the 
principles of operation remain the 
same. The number of stacks used 
varies widely. The arrangement of 
flues leading to the stacks and the 
openings from the kiln chamber into 
the flues also differ with the various 
designs. 

Any one of the classes of flre boxes 
now in common use are applicable to 
the down-draft kiln, but the selection 
must be based on an accurate knowl- 
edge of the clay used and the kind of 
ware into which it is to be wrought. 
If it is essential that the kiln atmos- 
phere be uniformly oxidizing, or if the 
ware is such that sulphurous emana- 
tions may be harmful, the inclined 
grate or dead bottom fire would not 
be suitable, altho they would be ap- 
plicable for burning paving brick or 
other wares that are not injured, and 
may even be benefited, by an occa- 
sional period of reduction. 

The burning ol^ all wares thru which 
the fire gases may be permitted to 
circulate is accomplished by the trans- 
fer of heat from the flre to the ware 
by these moving currents; this method 
of heating is called convection. (Con- 
vection therefore supplies the impor- 
tant means by which the heat reaches 
the ware in all types of kilns except 
muffie kilns. The production of an 
equal draft thru all portions of a kiln 
of ware thus becomes the primary 
consideration, if uniform burning thru- 
out the kiln is to be obtained. This 
is explained by the fact that the flre 

Sases in flowing thru the kiln are in- 
uenced by the same factors that effect 
the movement of any liquid. If un- 
obstructed, they follow the most direct 
and open path to the exit flue. Con- 
sequently, the kiln design should be 
such that the obstructions will insure 
a thoro and uniform distribution of 
draft. 

Barly Types. 

The early round down-draft kiln had 
but one center opening which led to an 
outside stack. The gases naturally 
tended to take the shortest route to 
this opening from the top of the bag 
walls over which they entered the 
kiln. The result was that parts of the 
kiln between the bags and the draft 
opening were left unequally heated, so 
that if the temperature were increased 
to heat these parts properly, the por- 
tions in direct line of the draft were 
overburned. After a long period of 
experimentation it was learned that 
an equal distribution of the draft thru 
all portions of the kiln can be obtained 
only by taking the gases out thru 
openings distributed over the kiln bot- 
tom, instead of thru a single well 
towards which they all naturally con- 
centrate. 

Tread of ImproTemcnt. 

This resulted in the evolution of 
down-draft kiln construction to the 
diverse types now in existence, the 
trend of improvement being largely 
due to modifications and improvements 
in the fiue systems, and in the arrange- 
ment of leading the gases from the 
kiln into these flues. 

An early step in this evolution re- 
placed the center well-hole with an 
open flue across the middle of the kiln 
bottom; the flue led to an outside 
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stack. The erases, due to this arrangre- 
xnent, were drawn by the shortest route 
to this exit, and thus produced a highly 
heated area in the part of the Kiln 
closest to the stack. Later, this ar- 
rangement was modified to afford a flue 
circling the interior of the kiln and 
connecting* with a diametric flue such 
as was first used alone. This principle 
of kiln construction is still in exten- 
sive use in some localities. To prevent 
extreme concentration of draft, the 
flues in this kiln are closed for some 
distance in that part of the kiln nearest 
the stack; this provision does retard 
the pronounced flow of gases, but as 
the tendency of the latter to leave 
the kiln as near the stack as possible 
is always present, the equality of the 
draft is disturbed proportionally. 

A modification of the foregoing type 
is obtained by connecting a diametric 
open flue with the stack by means of 
a covered flue. In' other cases, a series 
of concentric flues intersect the main 
stack flue; but the tendency of the 
draft, in both cases, is usually strong- 
est in the central parts of the kiln. 

Further Modillcatloiis. 

It is obvious that any arrangement 
which contemplates the flnal removal 
of the gases from the kiln, other than 
from the center of the kiln bottom, 
must naturally tend to heat the kiln 
In spots and not symmetrically with 
reference to the center. As has been 
discussed, where there is but one out- 
let, and that a center well-hole, the 
gases draw directly towards that point; 
but the fact remains that the draft 
is symmetrically distributed from cir- 
cumference to center, and, altho the 
outer portions of the kiln receive the 
least draft, it is alike in all similar 
parts of the kiln. Therefore, any 
means which will operate to equalize 
the draft from circumference to center, 
must be so designed that portions of 
the gas will be removed from the ware 
chamber at points distributed over this 
intermediate area. In general, it is 
held they should decrease in diameter 
as they approach the center, the draft 
directly into the main outlet being 
practically cut off. 

There are many methods used to 
attain this end. The commonest is to 
construct radial flues outward from 
the center. The number of these is 
usually determined by the number of 
flre holes, the flues bisecting the area 
between the bag walls. Occasional 
openings are made in the flues, the 
larger the opening the farther it is 
from the center, so that the outside 
may draw as strongly as the central 
portions. The shape of these openings 
is variable and immaterial, and their 
number is not flxed. The total area 
of openings leading into one flue 
should, however, be less than the 
cross section of that flue. The sizes 
of the openings into the radial flues 
can be determined by experiments, the 
essential being to establish an equal 
air velocity thru each and every one. 
By heating the air column in the stack 
and producing a draft in the kiln, the 
velocity of the air movement can be 
measured by an anemometer and the 
openings so proportioned that the draft 
will be the same in each, whatever its 
location. 

The above outlined arrangement 
may be used to obtain very good re- 
sults, but is cited only as an example 
of many equally successful designs. 

Effect of Structural Details. 

The kiln may be so constructed as 
to insure a uniform draft, but such 
construction does not necessarily guar- 
antee a perfect draft when the kiln 
is full of ware and on flre. The setting 
of the ware has much to do with the 
draft; by poor setting a good design 
may be made to give poor results. It 
is likewise admitted that a poor con- 
struction may be made to give fairly 
good results by the style of setting; 
but it is easier to adapt the setting 
to a kiln which is built on correct 
principles at first than to remedy any 
Improper construction by the same 
means. If a kiln is aflllcted with "cold 
spots" — that is. parts where the ware 
Is underburned, and perhaps in other 
portions overburned ware — it is a sign 
of inequality of draft, especially if 
the areas are awav from the bag walls. 
"Where local heating may occur by 
proximity to the flres. Such defects 
may be remedied by a closer setting 
in the lines of greatest heat and more 
open setting in the cold portions. 

Even with a uniform draft it is 
commonly found that the bottom ware 



is less hard burned than the top por- 
tions. This results from the fact that 
the heated gases first come in contact 
with the top ware and must pass thru 
it before reaching the ware lower In 
the kiln. As a consequence it may be 
stated that the gases, as a rule, are 
always cooler when they reach the 
bottom than when they entered the 
kiln. The more rapidly the gases move 
towards the outlets, that Is. the better 
the drafts, the farther will their initial 
heat be carried into the ware, whether 
it be greater or less than the tem- 
perature of the ware itself. 

MoTcutent of Gasea. 

The movement of gases in a kiln 
may be conceived as that of a wave 
progressing downwards thru the ware 
with equal velocity in all parts of the 
kiln. It will progress thus uniformly 
until it nears the kiln bottom. Here 
it is forced to divide Into numerous 
small currents, each diverging more 
or less from the straight downward 
path in order to pass out thru the 
openings which convey them into the 
radial contributory flues. Obviously, 
the number of these flues must be 
limited, and between the openings into 
them, there must be areas of solid 
floor space thru which no draft Is 
possible. This splitting, as it were, 
of the main draft into many small 
currents may be construed to check or 
retard the whole movement of the 
draft; this check being least in direct 
line with the draft openings, and 
greatest Just above the solid portions 
of the floor. Thru the ware situated 
in these intermediate positions the 
draft is not vigorous, and, as a conse- 
quence, there is a percentage of under- 
burned ware in kilns of this construc- 
tion. In some instances a proportion 
of underburned ware is not objection- 
able from a commercial standpoint; 
but where the difficulty must be over- 
come, what is known as a false floor 
may be provided to reduce the loss 
by underburning to a minimum. 

This floor is sometimes made of the 
green brick to be burned. In this case 
the lower courses are set as openly as 
possible, yet close enough to afford a 
flrm support for the ware above, and 
arranged to furnish room for a free 
and unretarded circulation of the gases 
in reaching the outlets. In this man- 
ner the check which the movement of 
the gases suffer is less pronounced and 
the number of underburned brick is 
considerably less than where such pro- 
vision is not made. 

The majority of recent down-draft 
round kilns have what is called a per- 
manent false floor, especially kilns used 
in burning vitrified wares. This fioor 
eliminates the necessity of making a 
re-set of green brick with each new 
burning; it forms, instead, an essential 
part of the kiln construction. It is 
built of fire brick and so supported 
with open brickwork as to leave ample 
space below it in which the gases may 
circulate unimpeded in finding their 
way to the flues. The floor itself is 
generally made of some special design 
of brick, their shape being such as 
to permit the freest possible escape of 
the gases thru them and yet possess 
the requisite strength. 

Value of False Floor. 

This false, or, as it is commonly 
called, checker floor construction, gives 
an unretarded passage to the draft 
completely thru the ware with equal 
facility at all points into the open 
space below the floor, where It is at 
liberty to seek the most convenient 
exit to the stack. The ware is thus 
brought to a substantially uniform 
temperature to the bottom of the kiln. 
However, all the false work of the 
floor is brought to the highest tem- 
perature of burning, and is therefore 
a source of loss of heat which does not 
exist where the false floor is built 
of green ware. The continuous flow 
of gases, which is facilitated by the 
use of the checker floor, is an im- 
portant factor in burning those classes 
of wares in which flashing is detri- 
mental. The false floor is thus a de- 
sirable accessory in kilns of the paving 
brick and sewer pipe industries and 
also in the manufacture of front brick, 
altho in the latter a good flashed prod- 
uct is often sought aft^y In this 
event, it is no less difl!lc^,'.- to secure 
flash effects in a kiln ot *v»fo design 
than In kilns where th© \ tmS ^wku 

absent. All glazed warl talse.p^^^J^ise 
be more successfully hV? ^on ^* iMlna 
provided with a falsi n^X>JJS *^ 
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Cause of Variations In Draft. 

The force of draft thru a chimney 
depends on the difference in weight 
between the column of hot gases with- 
in the chimney and that of a similar 
column of atmosphere outside. This 
difference In weight, or pressure, is due 
mostly to the difference in tempera- 
ture, being influenced also ' by the 
humidity oi the air in question. From 
this it will be seen that chimney drafts 
may vary not only because of the dif- 
ference in temperature but also ac- 
cording to the composition of the gases 
themselves and the condition of the 
weather. 

This difference in weight may be 
calculated by a well-known mathe- 
matical formula, or may be measured 
directly by a draft gage or draft meter. 
(See also Draft gage and meter.) 

In&portance of Stack Design. 

The fundamental consideration is 
that the original construction of the 
kiln with flues and stack be such as 
to insure the correct proportion of 
each of these vital factors to the other. 
The stack Is the real draft producer. 
It is built of brick or sheet iron; the 
former is more expensive but usually 
gives better satisfaction, as the thin 
and readily conducting shell of sheet 
iron rapidly dissipates heat by radia- 
tion. A very substantial and service- 
able stack, altho expensive, is made 
of sheet iron lined with flre brick to 
prevent radiation. 

The cross section of the stack should 
decrease towards the- top. Experience 
has shown that the tapering construc- 
tion will largelv prevent cotin.ter cur- 
rents from flowing in at the top which 
are a source of more or less difficulty 
In straight stacks. The sfze and 
height of the stack should always be 
such that the full capacity will sel- 
dom be needed. That is. the stack 
should possess a reserve force that, 
under average working conditions, 
may be held in check by a damper, but 
which is always available when emer- 
gency demands. 

The natural tendency of. air and fire 
gases as their temperature is raised 
and they expand is to rise. In all up- 
draft kilns this tendency is satlsfled 
by the ready escape to the stack, the 
movement being always in an .upward 
direction. In down-draft kilns the re- 
verse is true, and the gases must first 
move downwards thru a mass of ware 
before they can reach the stack. They 
must move contrary to their natural 
tendency and apparently in :opposition 
to gravity. 

Due to this condition, when gases 
from the fires first begin to pour into 
a down-draft kiln they tend to ac- 
cumulate in the crown, since they are 
lighter than the cold air already filling 
the kiln. But they cannot escape up- 
wards and their expansion necessarily 
gains relief downwards by forcing 
some of the heavier cold air out at 
the bottom. As the hot gases from 
the fires continue to pour into the kiln 
the warm air progresses downward, 
continually forcing out thru the stack 
the cooler air in the bottom of 'the 
kiln. In this manner a draft is gradu- 
ally established. The shorter the dis- 
tance which the air must travel down- 
ward the sooner a draft is set' up. Ob- 
viously, the gases must travel to the 
height of the kiln chamber; but the 
shorter the distance beyond this that 
they are required to go the better. For 
this reason it is advisable to avoid the 
construction of deep fines. The shal- 
lower the fines are (as long as they 
furnish the required cross section 
area), the more favorable' will- they 
be to freedom of draft; that is, the 
sooner the gases can be conveyed to 
the chimney after they have passed 
thru the ware the more efficient does 
the draft system become. This rule 
also involves the reduction of the dis- 
tance thru which the gases are to be 
carried laterally the greatest possible 
amount. The upward movement of the 

fases thru the stack alon« produces the 
raft. Movement laterally increases 
the friction, hence retards the draft. 
Consequently, the closer the stack to 
the kiln, the more this difllculty is 
avoided. 

Best to Insulate Flues. 

The insulation of fines from sur- 
rounding damp soil is a worth while 
precaution. It has been estimated that 
the amount of heat used in the absorp- 
tion of water from this source by the 
hot gases where the fines are unpro- 
tectea is equivalent to from four to 
ten tons of coal during a single burn. 
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These losses can be larsrely obviated by 
carefully wallingr* arching' and flooring: 
the flues with brick and an impervious 
mortar, or entirely done away with, 
by placing the whole kiln upon a con- 
crete base from one to three feet thick. 
Where two or four kilns are so lo- 
cated that one large stack will serve 
them all it is customary to partition 
the stack flue according to the number 
of kilns attached to it. These parti- 
tions ordinarilv run only a fraction of 
the length of the stack. By this means 
the stack is made to serve the purpose 
of so many separate stacks; and as it 
seldom happens that all kilns attached 
to the stack are running in the same 
stage of burn, the draft from one kiln 
will often aid in starting and maintain- 
ing that of another kiln by the union 
of several flues into one flue above the 
partitions. 

of Daatpem* 



The flow of the draft is controlled 
by dampers. These may be classed 
chiefly as slide dampers and valve 
dampers. Slide dampers may be oper- 
ated horizontally or vertically. When 
in horixontal position they are in the 
stack ; when vertical, generally at base 
of stack in the main flue. Both are 
commonly made of heavy sheet iron 
and operated by hand. 

An improvement over sheet iron is 
the fire clay damper, which, when sub- 
stantially constructed of fire clay tiles 
fitting into an iron frame, is free from 
the effects of the hot gases which cor- 
rode and warp iron in a short time. 

The value of any damper lies in its 
ability to control the flue it is designed 
to fit. To do this, all leaks must be 
avoided and, when closed, the damper 
should completely cut off all draft. 
This can be accomplished by making 
the damper several inches wider than 
the flue and so arranged that it will 
work in a notch in the flue walls. If 
the damper be a vertical one, a de- 
pression at the bottom of the flue filled 
with any finely ground refractory ma- 
terial, fine sand for example, in whi<A 
it may imbed itself is a great advan- 
tage. In g'eneral, the horixontal dam- 
per tends by its own weight to pre- 
vent leakage of the fine gases around 
it; but when poorly constructed is 
fully as apt to permit cold air to pass 
in above it as is the vertical type. 

Tal've Damvers. 



Valve dampers are of two classes, 
hinged and bell. Hinged dampers may 
be hinged from the side or at the cen- 
ter. The latter type is exemplified in 
the ordinary stove pipe damper. It 
is easily operated, but subject to ob- 
jections where sooty or tarry gases are 
encountered. The side-hinged damper 
is convenient for controlling' the drafts 
in stacks the tops of which are acces- 
sible in case the damper gets out of 
order. It consists of a heavy plate or 
casting, or it may be built of fire day, 
hinged at one side of the top of the 
stack. To it is attached a lever arm 
which is operated by a chain or wire 
from below. The damper is very efll- 
dent and can be used on any of the 
lower kiln stacks. 

The bell damper is centrally sus- 
pended from above from one end of a 
lever which may be weighted at the 
other end to nearly counterbalance the 
weight of the damper. The damper is 
conveniently located at base of the 
stack by a provision in construction by 
which the turn from the horizontal 
flue to the vertical stack is made by a 
step instead of a single right angle. 
By fitting the edges of the bell damper 
into slots filled with sand it can be 
made to cut off all draft when lowered 
into place, and, in this respect, may 
be considered one of the best dajnpers 
in use. 

II«ljitioA of Staeks to Draft. 

The number of stacks on round kilns 
varies from one to as many as there 
are fire holes. It is generally conceded 
that the draft can be more easily regu- 
lated if concentrated in one stack 
which may be controlled by a single 
damper. Generally, however, a num- 
ber of stacks are used in an attempt 
to properly distribute the draft in dif- 
ferent parts of the kiln; these are 
called multiple-stack kilns, and it is 
the contention of their designers that 
each stack can be made to control a 
definite portion of the kiln, which can 
therefore have its draft increased or 
diminished at will without reference 
to adjacent kiln space. It is evident 
that this can not be fully realized un- 
less the area which is to draw to a 
stack be partitioned from surrounding 



space, when it will of course operate 
as an Individual small kiln. As has 
been shown, the draft will always set 
towards and follow the line of great- 
est heat in the kiln. The kiln cham- 
ber may be compared to a vessel filled 
with a mobile fluid which responds to 
the action of gravity. Consequently, 
when a flow is set up thru an outlet 
in the kiln, the natural tendency is 
for the gases to rush towards this out- 
let and the consequent raising of tem- 
perature by this act tends to conflrm 
the movement in a given direction. To 
divert the draft it is necessary to close 
the damper and allow the gases to 
seek the next ready avenue of escape. 
A multiple stack kiln is thus a more 
or less complicated arrangement to 
control. It is thus clear that each and 
every stack will have a uniform draft 
only when the heat is the same in 
every part of the kiln, which is dif- 
flcult of attainment. On the other 
hand, the conditions of the draft may 
be so badly overbalanced that the di- 
rection of movement will be reversed 
in one stack, the air flowing down, 
thru the kiln bottom, and escaping up 
and out some other stack. 

Routd Down-Draft Kllna for Oomatom 



The following points may be noted 
as important fn the construction of 
round down-draft kilns for burning 
the commoner grades of ware. 

For burning brick, which must be 
very closely set and thus tend to re- 
strict the draft, kiln diameters ransre 
from 20 ft. to 80 ft. or more. For wares 
such as drain tile and sewer pipe, 
diameters up to 34 and 86 ft. are found. 
In all cases, however, it is a good gen- 
eral rule to avoid excessive diameters; 
the less the diameter the better the 
draft distribution. 

The height of the kiln should only 
slightly exceed the height of the ware 
stacked in it. Brick are set from 25 
to 36 courses high. Six feet is perhaps 
an average distance from floor to 
spring of arch, the arch having a rise 
of four to six feet according to the 
diameter of the kiln. 

The flre holes are advisedly set from 
two to three feet below the level of 
the kiln floor; in this manner radia- 
tion from the base of bag walls be- 
comes effective in heating ware near 
the kiln floor. This Is the cool part 
of the kiln and where flre holes are 
placed on level with floor, radiation is 
of little importance except from upper 
half of bag walls. It Is usually better 
to sink the flre holes beneath the 

S round level than to raise the kiln 
oor above it, and to surround the kiln 
with a trench in which the tring is 
done. The trench is preferably paved 
with brick, and good drainage pro- 
vided for. This arrangement also helps 
to do away with the effects of the ab- 
sorption of ground moisture. 

The number of flre holes rangres 
from eight to twelve, according to kiln 
diameter. In general, the number of 
flre holes is about one-third of the 
diameter of the kiln in feet. The type 
of flre box will depend on ware to be 
burned and character of fuel used. 

Stacks* 

The stack is placed close to kiln and 
the flue connections made as shallow 
as possible. There are some advan- 
tages claimed for locating stack in 
center of kiln. In this position a draft 
is more quickly started as the stack is 
heated as soon as the fires are lighted. 
Naturally, there are no horizontal 
flues, the radial flues opening directly 
into the stack. Because the stack is 
highly heated it is more effective and 
hence Its dimensions need not be so 
great. The objections to a center 
stack are the kiln space which it occu- 

{)ies and the cost of construction. It 
s contended, tho, that the space taken 
by it, which would otherwise be fllled 
with ware. Is only a very small pro- 
portion of the whole and its position 
seldom presents an obstacle in setting 
or drawing the ware. The stack muse 
be made or flre brick and must have a 
solid foundation, as it is subjected to 
the most intense h^t of the kiln. The 
center stack offers advantages In fuel 
saving and in facility of operation that 
ordinarily outweigh the disadvantages 
referred to. 

Radial flues are to be recommended 
and generally number one for each 
flre hole (the size and openings pro- 
portioned as described in an earlier 
paragraph). A connecting circular flue 
is sometimes of advantage. 

The merits of different styles of 
dampers have been considered above. 
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For an outside stack, either the hori- 
zontal or vertical slide damper can be 
made to give efficient service if prop- 
erly constructed. The side -hinged 
valve damper is also an excellent 
means of control. With the center 
stack the latter is the only kind that 
is applicable. Since the draft is always 
more vigorous in a center than in an 
outside stack, the damper that is used 
must afford a means of accurate and 
complete regulation. The hinge dam- 
per can be well adapted to this in- 
stance. (See also several items under 
Kiln, down-draft, and Kiln, intermit- 
tent.) 

BUILDERS (see catalog section): 
Hadfleld-Penfleld Steel Co. 
International Clay Machinery Co. 

896— KILN. INTBRMITTBSNT, UP- 
DRAFT, P B RM A NBS NT. — Permanent 
up-draft kilns for burning brick, etc., 
may be round or rectangular in de- 
sign, but the construction usually per- 
ntits the direct contact of combustion 

fases with the ware being burned, 
he side walls are built permanently 
instead of being erected as each kiln 
is set. Sometimes the walls are built 
the full height of the kiln, but the 
common practice is to erect them eight 
or ten feet high and add the neces- 
sary new courses as the brick are set. 
The top is covered with one row or 
more of burned brick "platting," which 
is removed when the kiln is drawn. 
Openings are left in the side walls 
that lead into arches formed In set- 
ting the green brick, and in which the 
fuel is burned. 

Another step in the development of 
this type of kiln consists of construct- 
ing partial permanent end walls and 
also flre boxes in the side walls. One 
furnace may feed one or more arches 
as desired. By this means, the draft 
is more carefully regulated and the 
usual spoilage of brick immediately 
around the arches is considerably re- 
duced. The permanent kiln wall pre- 
vents the loss of considerable heat by 
radiation and assists to make a more 
even burn than is possible in the tem- 
porary kiln, where the outside brick 
are invariably soft burned and those 
surrounding the arches are cracked or 
sagged. (See next item for description 
of round up-draft kilns, and several 
items under Kiln, up-draft and Kiln, 
intermittent.) 

BUILDERS (see catalog section): 
Hadfleld-Penfleld Steel Co. 
International Clay Machinery Co. 

897— KIIiN. INTBRMITTBNT IHP- 
DRAFT, PBRMANBNT ROUND TYPB 
FOR POTTBRIBS. — ^The round up-draft 
kiln is the early pottery kiln, and Is 
still extensively used in the stoneware 
industry. The kiln consists of a lower 
combustion chamber into which the flre 
boxes are placed, and an upper cham- 
ber in which the ware is placed. The 
combustion chamber occupies nearly 
all the space beneath the ware cham- 
ber, and has a solid bottom, except for 
the small portion of space occupied by 
the grate bars of the furnaces. Be- 
tween the combustion chamber and the 
ware chamber is flre brick work, per- 
forated to allow the passage of the 
gases. The gas outlet consists usual- 
ly of a number of small chimneys lead- 
ing out thru the kiln crown. 

The work of the above kiln is char- 
acteristic. When gases are permitted 
to come into contact with pottery 
wares in any kiln, flashing is com- 
mon, since the clays used are sensitive 
to oxidation and reduction. The degree 
of sensitiveness varies so greatly, how- 
ever, that some clays give no trouble 
whatever, while the ware made from 
others comes from the kiln with flash 
marks on it. Glazed wares may show 
"bluestoning" when burned in this 
kind of kiln, probably caused by the 
reducing action of the gases on the 
iron in the clay. This peculiarity is 
seldom noticeable in muffle burned 
wares. 

In the development of the modern 
pottery kiln, the principal changes In 
this early up-draft kiln have been 
made to prevent the contact of com- 
bustion gases with the ware. To do 
this "bag walls" are commonly con- 
structed, extending around the whole 
circumference of the kiln. These bacr 
walls are built to varying heights, in 
some cases completely enclosing the 
ware, in other cases being very low. 
In either event, the gases are more or 
less separated from the ware, which la 
heated more and more by conduction 
thru the walls as they are built to in- 
creasing heights. This screening' the 
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ware front contact wltb the flames 
does away with nashlng-. If this pro- 
tection Is partial, as wbere only low 
wallH are used, the construction Is 
called a Beml-munie kiln. If the muf- 
fllHK Ib complete, as where both walls 
and center Hue unite above the ware 
and wholly enclose It. the kiln Is called 
a mume kiln. In all cases, the object 
Is to promote a draft thru the center of 
the kiln, the ware being stacked ao 

manent center flue Is provided. 

The consumption of fuel Is tarsely 
Increased by the use of a seml-muflle 
or muffle kiln, as Immediate contact of 
the hot Rases with the ware Is cut offi 
consequently. !n order to curtail a« 
mun.h AH nuHRlhln the heat losses by air 
trol of the draft is 






, perlect c 



> grates, Are doora. 



ind stack arranged and constructed 
with this oblect In view. 

BUILDER (see catalOK section): 
International Clay Machinery Co. 
SaS— KILN. IlfTBRMITTHNT CP- 
DRAPT, TBMPORAHY. — Temporary 
up-dra(t Jcllns are commonly divided 
Into the old Bngllafa clamp and the 
American scove types. In both types 
the kiln Is built largely of the "— - ' 



1 kept mudded'Up t 






id and then charged ! 



layers with the setting of the brtck. 
L>ow arches are also constructed at the 

bottom of green brick and fltled with 
fuel. The fire Is flrst made In these 
arohes and gradually progressea Itself 
thruout the kiln. When ail the fuel 
which has been Included In the ware 
baa been consumed, the burning Is lin- 
ing effect when the work Is liable to 

The so-called American scove kiln Is 
similar In construction to the clamp 



chambers and round the goods to b« 
heated or cooled. 

In summarizing the distinctive qual- 



.... ?*.f .. ... 

The respective parts are always at a 
constant temperature, so that there Is 
less wear and tear on the kiln-struc- 
ture than in other types of kilns: 
this also effects a saving In time and 
fuel, as the brickwork has not to be 
heated and cooled. (2) The goods are 
more easily set and loaded than In 
other kilns. (3) The saffgers, If used, 
last longer; but in one type of tunnel 



realised, as only the hottest part 



-,- lably traced to defectlv- _. 

sign and construction. Several tun- 
nel kilns of various types are In auo- 
cesaful use In this country. 

(See also Kiln, Insulation and Car, 
kiln.) 

BUILDERS (see catalog section): 
American Dressier Tunnel Kilns, Inc. 
International Clay Machinery Co. 
Rodgers, L. E., Engineering Co. 
MANUFACTURERS" ANNOUNCE- 
MENTS: 
American Dressier Tunnel Kilns. In- 
corporated. 1740 



responsibility. 



weight. If bri 



:fck 



portlonately I 



lo aavance tne money lor a kiln 
and take payments monthly for 



these kilns any way y 
thousand brick or pc 



le performance 
to pay for It. 
complete In 
four months' time. 
KILN UNLOAHER, see Loadlngr ma- 



settlng the former than the latter. 
Of the known methods there I* ona 
little used In this country that has 



ting I 



"tight -bolt" method. In down -draft 
ktlns It Is the simplest and fastest 
of all methods (see description under 
Kiln, down-draft, methods of setting), 
nnii fhtH can also be said of It for set- 
-, araft kilns, but, In the latter 
, the necessity of setting arches 
aiiu loose heads reaulres the attention 
of skilled setters. 

The points In favor of the tight-bolt 
method are: (1) In that part of the 
kiln where the holts are set the brink 
are of more even shade; (3) the setting 
is accomplished at a taster rate; (I) 
the faces of the brick are a plain, even, 
unfiashed color: (t) there Is no kiln 
marking; and (B) If the firing Is done 
under reducing conditions, the fac«a 
of the brick show a red heart with 
brown or black ring — a much sought- 
after result. 

As Is general with up -draft kiln 



) carried thru 
rents. (See alao several Items under ■ 
Kiln, up draft and Klin, Intermittent.) 
BUILDERS (see catalog section): 
Hadfleld-Penfleld Steel Co. 
International Clay Machinery Co. 
KILN, MCVPLB, see Kiln. Intermit- 
tent muffle down-draft, and Kiln, tun- 

KILN, TERRA COTTA. see T«rrti 
cotta. manufacture of. 

»■ — KILN, TDKNKL.— A tunnel kiln 
Is a form of kiln In which the ware 
moves continually and the Are remains 
In one place. In many respects this 
kiln Is similar to the tunnel dryer. The 
tunnel kiln Is successfully used for 
burning sanitary ware. Are brick, fur- 
nace blacks, etc When properly de- 
signed it la very economlcaf of fuel. 
since only one part of the kiln Is 
heated directly, whereas In other con- 
tinuous kilns each part of the brick- 
work Is heated and cooled In turn. It 
Is also a labor -Haver, since the oars 
can be fliled and emptied with great 
facility, and the control of the Bring 
Is all that can be desired. There ap- 
pears to be no limit to the temperature 
attainable, there being record of a 
small tunnel kiln. In regular use for 
some time, burning refractory brlok 
at a temperature sufllclent to bend 
Cone 17 (1.480 deg. C. or 8.698 deg. F.). 

Successful kilns of this type usually 
consist of a tunnel 800 to 400 ft. long, 
t to » ft. wide, and 4 to 9 ft. high, in- 
ternally, thru which a series of Irucks 
or cars run on rails, the metal work of 
the cars being suitably Insulated from 
the heat, or the bed may be conatruot- 
ed thruout Of refractory material. The 
fuel may be solid, liquid, or gas; It Is 
burnt In flreplaces at each side of th ~ 



In the kiln. The air for combustion 1- 
supplled in the same manner as in 
other kilns, but Is supplemented by a 
current of air which Is drawn thru the 
whole length of the tunnel; this air la 
hektAd by the burned goods which are 
correspondingly cooled thereby, and It 
Is then passed forward with the prod- 
ucts of combustion In order to heat 
the freshly set goods. 

In one type of tunnel kiln, the 
products of combustion are conflned to 
two tubular chambers, but the air In 
the tunnel circulates round these 



Length of kiln Is about SZG 
less length If smaller dally i 
ductlon required, 

A dryer is always nee 



1 the outside are 



the heat for the 






1 he loaded l__ 

_. . . .t the belt or press, and not 

Natural gas. oil. or coal used In 
producers for fuel. Burning coal 
direct is Inefflclent and expensive. 

Kiln cost depends on locality, 
nature of ground, kind of tnel 
to bo used, etc. Roughly, about 
ttOO per dally tonnage capacity, 
or for a customarv kiln, about 
180,000. ' 

To those who ,. able to 
satisfy them of .a'* flnandal 



Illustrated, and be- 



cloae the top of the arches 
course Is set — It should. In fimi., uo »■ 
open as possible and atlll prevent the 
brick above from breaking under the 
load. 

Above this course the "tight-bolts" 
begin and are carried up to within six 
courses from the top of the kiln. 

"Tight-bolts" simply consist of an 
absolutely tight bench of brlok. In 
looking at this bench it praMtlta k 
solid face of headers. BMh b^-* •* 

set one Inch from the 1 *" 

this 1-in. space being U~^ 
of the flre gasea. ' 
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:e a "loUow-boftrd" Is used; 
it a l-ln. plank with two or 
ir handles on tbe top edse. 
:h Ih carried up, the board 
;> and allowed to rest on a 



loved back from the bench 



B shoved baak until It touahes 






the bench behind. This makes the set- 
ting perfectly stable. Care must be 
taken to carry up the benches per- 
fectly straight. 

PaclUtstes HandllBK Brick. 

This tiKht-bolt method of setting en- 
ables the setter to pick up as manr 
brick as he can handle, drop them on 
the bench, and push them back against 
tbe follow-board. 

The brick should be set loose next to 
the walls in order to pull the heat to 
this usually backward part oC the kiln. 

The six top courses should be set 
three on one, and on top of this t 
platting li ■ •■ - ■ -■ ■ — 



I handled la the usual i 



While 



raft kllni 



brick from up- 
. IT 60%, even In 
aiatnciB where the brlok must com- 
pete with the output of modem con- 
tinuous and down-draft kilns. 



FlB. 2. Cress-Section ot KIIb ShoirlBK Asaln How PlattlnK ■■ Laid nad the 

Loose SFltlDK v( the Ontslde Brick la the Arch Less. This DrawlnK Also 

Shows the Solid Face ot Headera Frescat br « Beach ot -^Icht Bolts." 



_ Soluble 

salt, prevention of; and Barium c«r- 

KILOCRAM (abbreviated to KILO at 



I,ACE:. belt, see Belt lacing, all 
types of. Belt hooks and rivets, and 
Belt fasteners. 

LACI'NTRINE, see Clay deposits, 
classlflcutlon of and Geological ages. 

40^I.UIINATHIK,^^bls Is caused 



by u 



t<iual flow of the clay or unequal 



_, different 

planes working at different speeds 
slide on one another. As a result the 
bond Is weakened or possibly broken 

and the detects show up as craoks 
during the drying or burning period. 
The capillary attraction does not exist 
as It should between the outside and 
the center ot the ware. When shrink- 
age takes place the ware does not 
shrink as one mass, but rather each 
plane shrinks or tends to shrink under 
Its own Influence. The result Is that 
the ware la laminated and not able to 
stand rigid testa. 

Many clays are particularly subject 
to lamination, but the construction ot 
the auger die and machine In the 
case of stiff-mud ware have very Im- 
portant bearings on this subject. It is 
possible to make these parts so that 
the very minimum of lamination will 
be caused. (See also Die, all Items; 
Auger and auger machines.) 

LAMP QVARD, see Guard, lamp. 

LAHU OIL. see Lubricating oil and 

40X— LATHE, machine:.— A machine 



cutting threads on a rod, casting 
other piece of metal, and for cuttliie 
circular grooves or holes in any piece 
of metal. The m«tal to be worked 
upon la mounted on the head or tur- 
ret, and care must be exercised to 
mount It concentrically with the head. 
Ad Jua table clamps are provided for 
this purpose. The head revolves and 
can be driven at various speeds to 
suit the work to be accompllahed. The 
cutting tool, which Is made of tool 
steel of the proper shape tor each kind 
ot work, la mounted on a frame which 
moves along the bed. The head spoken 



of above occupies one end of the bed. 
Qearlng is provided to move the cut- 
ting tool lengthwise and croaawlse of 
the bed while the head Is revolving. 

These gears are neceas" ~' ' 

ting threads, and are 
any work on the lathe. j.no cui, un n. 
lathe Is necessarily circular and any 
flat surface can be finished thereon If 
desired. Just fta on a planer Or shaper. 
The size of a lathe Indicates the larg- 
est diameter that can be cut In IL 

LATHH, POTTEIU', see Turning. 

40^— LAIV'T.— This term is meant to 
Include the very fine sifting machines 
used by potters, etc. It Is really a 
regular sitting or screening machine 
with a very line screen or Bleve, made 
of flannel or lawn, which Is cloth ot 
very fine mesh. The name arises from 
the cloth used. (See also Wire Cloth 
and Woven Wire.) 

MANUFACTURERS (see catalog see - 

Mug 

MANUFACTURERS' ANNOUNCE- 



elier 


MachI 


ne Co., Inc., 








Trenton. N. J 
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Pitch 
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cted to 



LIFT TRUCK, see Truck, lift. 

4eB— LIGHTINO SYSTEM, PORT- 
ABLE.— Many times, especially in the 
winter months, outside work must be 
done before and after daylight. This 
Is true In the pit. kiln setting and 
emptying, and loading. It is often 
hard to have an electric light placed 
at the necessary point, and for this 
purpose the portable lights used to 
such good advantage by contractors. 
are found very serviceable. Several 
types are manufactured, one using 
gasoline, which Is burned as a gas 



Is the carbide or 
h uses calcium 
__■ produce acety- 
lene gas. The carbide can be dropped 
into the water but In a portable out- 
-- -• - ■ ally dropped c 



40« — LIME. — This ingredient is found 
In many clays, and may be present In 
large quantities In low-grade clays. 
The source of lime In clays Is due to 
minerals belonging to one of the three 






) Cart 



llicates containing 
lime, such as feldspar and garnet; and 
(3) sulphates: gypsum. 

These three groups ot minerals be- 
have differently and their effects upon 
the clays containing them varies 

Lime, however. Is considered a dele- 
terious constituent. (See also Calclte. 
Gypsum* and the Item following this.) 
MANUFACTURER OF ELIMINA- 
TION EQUIPMENT (see catalog 



Wllllai 






Patent 



Pul- 



MANUFACTURERS' ANNOUNCE- 
MENTS: 

WlUlama Patent Crusher & Pulver- 
iser Co., St. Louis, Mo. Manufac- 
turers ot Patented Deck Sweep- 
er Clay Grinders & Steam Heated 



shrin) 



Thej 



I volatile ele- 






<see Alltallp,, _ 

rapid aoftening ot the clay. 

LIME CARBONATE:, ITS BFFBCT 
ON CLAY, see Calclte. 

MS — LIMONITE.— A mineral occur- 
ring In clays In a variety Ot forma. 



T-ir^ing 
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often widely distributed In thain, 

Sresence when In a finely divided c 
itlon being shown by the yellow 



deposUB asHoclated wltl. 
_ are formed by llmonlte 
the Band grains together. 



nttng the Band Kralns ti 

Lilmonlte la found Tn largei 



ties In surface clays, especially aandy 
clays or thope which are porouB enough 
to admit the oiIdizInK waters from the 



shales. 

Llmonlte concretlona, If left tn the 
clay, result In the appearance of (used 
blotches and may even cause the ware 
to split during manufacture. 

The composition of llmonlte Is 
2Fe.O,. 3HjO^Fe±0. 86. K%, HiO 14. B%. 



LOADER A NO 1IIIII.OADBR. — See Car 

unloader; Truck, bandpower; Automo- 
bile trucks; Truck trailer; Car loaders; 
Wheelbarrow, and Conveyor, portable 
and other Items. 

40»A — LOADBH, portable:, — In 
many casea belt conveyors and portable 
conveyora are used for loading cara, 
trucks or wagona. These tenerallv 
eonalBt of attachments that 



__ jieellng or carrying burnt .„ 

always hard and In hot weather may 

Interfere ao much with the operation 

of the plant that production Is reduced. 

MANUFACTURER (see catalog sec- 



varying from 7fi0 to 1,000 brick c 

them directly In the truck car or 
barge for shipment. This machine can 
only be used In connection with the 



... _ . s of the setting ma- 
chine used In building up the kiln 
formation. After the brick are burned 
these Ungers are Inserted In the In- 
terstlcea left by the aettlng machine 
and the same unit that was placed In 
the kiln Is removed. One fork oper- 



inty 1 






Thia machine when used with the 
equipment described under the Items 
beaded Setting machine. Soft mud 
brick automatic dumping attachment, 
and Hacking machine, makes a brick 
plant thoroly mechanical and auto- 
matic. The brick are not touched by 
any man at any point of the process. 
The patents on this machine are owned 
and controlled by The American 
Equipment Company, 1019 Conway 
BulldlnE. Chicago, DllnolB. 



MANUFACTURER (see catalog seo- 

Amerlcan Equipment Co. 
I.OCOMOTITB craitb:, see Crane. 
410 — LOCOHOTIVK, BliEiCTHIC, 



operation, reduced fire risk, and 
flexibility of the track system uaea. 

Slves them a wide Held of application 
I the clay products Industries. Tracks 
may be run In and out of and around 
the plant buildings, to the mine or pit, 
with absolute safety, and there Is no 
: fumes to confuse the work- 



MANUFACTURER (se 






the 



I the 



plai 

of hand trucks to a la 
a decided reduction In 
In the fact that only < 
quired to handle the ' ~ 



material can be carried In flat < 
cars from one point to another. 

The standard track gages are from 



vlth a thrust bearing: provided for 

as, eUlcIent drive. In high' grade 



motor Is readily s 



makes the 

cesBlble, and __. 

easily lifted out by merely loosening 
the bolts of the bracket by which It Is 

In the motor proper, the design 
should be such as to embody low In- 
ternal resistance and low Iron loss. 
The commutator and brush area should 
be liberal enough to reduce as far as 
possible loss In the brushes and brush 
contact. The motor should always be 
capable of efficient operation In pulling 
both light loads and temporary very 
heavy overloads. 

The construction of tbe Journal 
boxes should also be such as f~ 



le avoided. 

Is generally ex- 

. be guaranteed to 
I before the batter- 



1 locomotive n 



. mple fom ._.. .. 
learn the kilowatt hours required of 
a battery (or a given duty Is to mul- 
tiply the tractive effort by the distance 
In feet by .00000003. For example, as- 
suming- that the battery must haul a 
gross weight of 40 tons. Including the 
weight of the locomotive, for a dis- 
tance of 2,000 ft., and that the track- 
resistance is 30 lbs. per ton. then 
40X3OX2000X.0O00O0«3 ~ 1.61! fc. W.- 
hrs. Under average conditions, a 20% 
Increase of battery copaclty should be 
allowed to take care of the switching 
which the locomotive Is usually called 
' I at the terminals of the 



._ . _ ._ __ __ __ ind operated 

In varying weather conditions, precau- 
tions should be taken to protect Its 
vital operating mechanism aa much as 
possible. 
Tke Ixinstrlal Trolley LacomotiTe. 

This type derives Its current supply 
from an overhead feed system, the 
source o( which may be a local power 
station or a public utility station. The 
low cost of current, wherever public 
service la available, generally pre- 
cludes the erection of an laolated plant. 
The almpllclty and ruggedneas of con- 
struction and economy of operation 
that mark the storage battery locomo- 
tive are practically duplicated in the 
trolley type. The Are risk Is some- 
what Increased, ae Is the liability ot 
Pf "°"*^...'"^"'' _J'°™ ">e overhead 



1 out of the ) 



nomlcal and reliable ov^r- > 



us operation, "^ \^."'°^rl'' 



drive. In alie 



es. Including gasO' 
lattery and trolley 
s from 2H to 26 
ions, we mane a specialty of lo- 
comotives designed and equipped 
for quarries and brick yards. 

411 — LOCOHOTIVE. OA§OLIKrB, IN- 
DUSTRIAL'—The gasoline locomotive, 
like the automobile. Is propelled by an 
Internal combustion engine. Its design 
especially flta It for work in contract- 
ing operations, quarries, brick yard& 
etc.. where loads are to be hauled at 
moderate speeds within the available 
range of powers. Being self-contained, 
the radius of the gasoline locomotive 
Is limited only by the capacity of the 
fuel tank carried. In localities where 
water le scarce or where the cost of 
coal and electricity makes the opera- 
tion of electric or steam locomotives 
practically prohibitive, and in isolatea 
places with no power supply, the gaso- 
line locomotive offers the advantage of 
requiring no power house Installation 
or special track equlpmenL 

Gasoline locomotives are usually 
supplied In four standard alzes. welfh- 
Ing 3U, G, 7 and 9 tons, respectively, 
this range being sufficient to meet 
average induatrlal aervlce require- 
ments. The average standard speeds 
are five miles per hour on low gear 
and ten miles per hour on high Kear. 
forward and reverse. Running under 
normal or rated load, the consumption 
of gasoline Is 0.10 gal. per horsepower 
per hour. Observations conducted by 
one manufacturer indicate that for 
most requirements the fuel consump* 
tlon may be based on an average de- 
velopment, thruout the working day, 
of one-half the rated horsepower. 

In general, the design of gasolln* 
locomotives follows the logical develop- 
without sacrlflclng such Important 
features as convenient arrangement of 
parts, accessibility, or ease of control 
and operation. All control levers are 
kept in easy reach of the motorman, 
who Is usually stationed under a. 
canopy fixed over the rear of tbe loco- 
motive. The engine Is also convenient- 
ly positioned for constant supervision 
and minor adjustments while running, 
without leaving the cab. 

Different methods are employed by 
different manufacturers to transmit 
power to the drive wheels, the usual 
worm drive with spur thrust, differ- 
ential gearing with chain drive or 
friction drive being applied as beat 
suits the Individual design. In all 
transmission Is 
- . a most Important 
_ ...._. of the locomotive, and all 
gears, shafts, clutches and acceaaory 
parts should be liberally proportioned, 
carefully protected by housing, and an 
efficient lubricating system provided 

are practically Indls- 



MANUFACTURERS (see catalog seo- 

Brookvlile Truck & Tractor Co. 

Easton Car & Construction Co. 
Hadfleld-Penileld Steel Co. 
Whltcomb. Co., Geo. D. 
MANUFACTURERS' ANNOUNCE- 
MENTS: 
Brookvllle Truck & Tractor Com- 

?any, Brookvllle, Pa. Tbe Ford 
i'orm Drive Ton Truck, applied 
to gasoline locomotive haulage 
thru use of Brookvllle attach- 
ments. Power unit practically 
Intact, plus Brookville Auxiliary 
Reverse Transmission. giving 
motor the Ford ton truck high 
and low speeds 
same pullii 



:onoralcal. both as 
to first cost and operating cost. 
Powerful, and extremely speedy 
in operation. Practically all the 
advantage of local Ford Service 
at the command of .user. Will 
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handle from two up to twenty 
tons to train, depending: on track 
and grrade conditions. The most 
practical, efficient, and econom- 
ical llsht srasoline locomotive 
available today. Submit your 
haulagre details to us. If we can 
handle we can show a saviner 
over any other power on the 
market. 

MANUFACTURERS' ANNOUNCE- 
MENTS: 

Geo. D. Whitcomb Co., Rochelle, 111. 
Whitcomb locomotives are made 
in various types, including: g:a80- 
line, storag:e battery and trolley 
drive, in sizes from 2H to 25 
tons. We make a specialty of lo- 
comotives desig:ned and equipped 
for quarries and brick yards. 

4i:fr— liOCOMOTITB. STBAM. — The 

power in a steam locomotive is derived 
from a boiler and steam eneine. In 
industrial work the g:ag:e of the track 
is usually 24 or 36 ins. The use of 
locomotives to haul cars of overburden 
to the spoil bank, or to haul cars of 
clay to the plant, has been found to 
effect a larg:e saving: over the use of 
horses or mules, unless the output is 
small. The boiler is of the locomotive 
fire box type, that is, one in which the 
water in the boiler surrounds the fire 
box on the side, and the tubes are 
directly ahead of the fire and horizon- 
tal. The eng:ine is of the reg-ular loco- 
motive type. The steam can be made 
by using: wood, coal or fuel oil for fuel. 
The steam locomotives are made in 
various sizes based on their weig:ht. 
A 15-ton locomotive is rated to haul the 
following loads, in addition to its own 
load up the different grades: 1% g:rade, 
95 tons; 2% grrade, 63 tons; 8% grade, 
36 tons; 4% g:rade, 24 tons; S% g:rade, 
19 tons; 6% ffrade, 14 tons; 7% grrade, 
10 tons; 8% grade, 8 tons. This in- 
cludes the welgrht of the cars and the 
material in them. 

liOESSS, see parag:raph headed com- 
mon brick clays in Clay entry. 

418— L UBRICATING Olli AND 
ORJBASB. — ^Under this heading: we place 
all of the numerous oils and grreases 
used for . lubricating:, that is, used to 
form a thin film between two surfaces 
in order to reduce the friction. These 
are principally made from mineral oil 
or petroleum. In a few lubricants, 
such as castor oil, veg:etable oil forms 
the base. Oils and g:r eases are made of 
various consistencies and weigfht to 
suit different purposes. Cylinder oils 
for steam eng:ines are the heaviest 
class, and they are made in several 
grades to lubricate at different temper- 
atures. An oil to use with superheat- 
ed steam is more expensive than one to 
use with saturated steam of low pres- 
sure, but if used with the saturated 
steam and low pressure may not g:ive 
as g:ood service as when used under 
the more severe conditions. Somewhat 
similar conditions prevail in regrard to 
eng:ine or machine oil. If the bearing:8 
are fairly tig:ht like they should be on 



a steam eng:ine, the oil should fiow 
freely in order to g:et between the 
shaft and bearing:. On the other hand, 
if the bearing:s are loose as they some- 
times are on car wheel bearings, a thin 
oil will flow away with little lubricat- 
ing: effect. It is very much like clay 
products, each variation of the prod- 
ucts is mad^ for a special service and 
will g:ive better satisfaction In that 
service than it would anywhere else 
or than any other oil or gn^ease will 
g:ive in that particular service. In lub- 
ricating: dies there are special oils 
that are made for that service entirely 
sold under the name of brick machine 
oils. Automobile cylinder oil is also 
made in several g-rades principally on 
account of the variations in the weath- 
er. In the case of all oils that are used 
in connection with heat such as the 
steam and automobile cylinder oils the 
main consideration is that they will 
lubricate at the temperature desired 
and still not leave any carbon or de- 
posit after doing: their work of lubri- 
cation. 

Black oil is a low g:^ade lubricant, 
suited to be used in the bearing:s of 
mine, pit and dryer cars, and also in 
some shaft bearing-s. Its lubricating: 
qualities cannot be compared to the 
better g:rade of oils such as eng:ine and 
machine oils, but on account of its 
low cost it is often a cheaper oil when 
the proper conditions exist. It is 
thicker than machine or eng:ine oil, 
and therefore better suited where there 
is liable to be waste or the bearing:s 
do not fit tig:ht enoug:h to hold the 
Iig:hter oil or where the speed Is low. 
If used where the better g:rade of oil 
is needed black oil is liable to g:um and 
stick up the bearing: and also permit it 
to g:et overheated. 

Black oil is usually sold in two 
g:rades, summer black for use in warm 
weather and winter black for use in 
cold weather. The latter is thicker 
than the former. 

Lard oil is a lubricant expressed 
from chilled lard. Lard oil is used 
mixed with varying: amounts of kero- 
sene as a lubricant in represses on 
cutters and other places where clay 
moves on iron or similar substance. 
On account of its cost lard oil has 
been superseded in g:reat measure by 
brick machine oil. 

Greases are also subject to the same 
selection, as a heavy g:rease will be 
suited to a bearing: that is located in 
a warm place or one that is subject to 
variation in load and thereby may g:et 
warm at one time or other, whereas 
a lig:ht or thin g:rease may run away 
due to the heat after doing: little or no 
lubricating:. Graphite is often mixed 
with g:rease to assist as it is a very 
g:ood lubricant. 

liUBRIGATION. see Lubricating: oil 
and grease; and Graphite. 

414— liUBRICATOR, SIGHT F B El D 
AND PRBSSURB FBBD.->-A lubricator 
for eng:ine or pump is either sight feed 
or pressure feed, altho both are really 



pressure fed. A sight feed lubricator, 
so called, is one in which the lubricat- 
ing oil is stored In a small tank of a 
capacity of a pint or quart or there- 
abouts. Steam from the main line is 
led into this tank and the pressure of 
the steam forces the oil thru a small 
opening into the steam line Just above 
the cylinder to be lubricated. In its 
passage from the tank to the steam 
pipe the oil passes thru a glass tube 
containing water, and as the oil can be 
seen at this point, the lubricator is 
called a sight feed lubricator. A 
pressure feed or force feed lubricator 
is one in which a small pump or plung- 
er takes the oil out of the storage tank 
and pushes it into the pipe Just above 
the cylinder, or into the cylinder It- 
self. Some of these pressure feed lu- 
bricators are equipped with sig:ht feed 
devices, so that the main difference 
between the two types is that one uses 
steam as the forcing medium and the 
other a small pump or plunger. 

41fr— LUSTBR ^WARB. — This ware 
was manufactured by the Egyptians, 
Greeks, and Romans from about 600 
B. C. to 300 A. D., when it was discon- 
tinued entirely and was not revived 
until the 19th century. The origrl&al 
composition of the luster is even now 
still doubtful, but the body is made of 
a clay sometimes moderately plastic 
and ferrugino-calcareous (Greeks and 
Romans), and sometimes decidedly sili- 
cious (Egyptians). Being a form of 
terra cotta, the ware is turned and 
finished, the burning, which is usually 
at a low temperature, and sometimes 
oxidizing, giving products of a color 
varying from yellow to bright red; 
when reducing conditions prevail, they 
give the body a gray tint. Because of 
the soft nature of the body of Egyp- 
tian luster ware it could be polished, 
carved, and even painted or varnished. 
The green shades of Egyptian pottery 
were produced by oxide or copper. The 
analysis of black luster has only shown 
iron oxide, sometimes mixed with a 
little manganese oxide in a proportion 
quite insufficient to produce a black 
color. There are many interesting: fea- 
tures concerning this ware of which 
modern practice is still ignorant or 
doubtful. 

Luster decorations may be applied to 
pottery by two methods: firs^ by 
applying in paste condition suitable 
metallic salts to the surface of the ware, 
such as tin and antimony, and firing at 
a dull red heat; second, by vaporizing 
such salts in the fiame of the kiln In 
which the ware is placed. The latter 
method is productive of iridescent ef- 
fects similar to that of favrile glass. 
An investigation of lusters for pottery 
decoration has been made by the 
Bureau of Mines to determine the most 
suitable glaze composition for taking: 
vapor lusters. Results indicated that 

S lazes containing BiOs and PbO pro- 
uced the best luster effects, the in- 
tensity of the luster increasing with 
larger amounts of these two compo- 
nents in the glaze. (See also Ceramics, 
a brief history of.) 
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MACHINE OIL, see Lubricating oil 
and grease. 

416 — MAGNESIA AS PIPE COVER- 
ING. — ^Magnesia is used as one of the 
grincipal Ingredients of pipe coverings, 
ecause of Its extremely light weight. 
Any material that is light contains a 
large percentage of confined air, and 
it is well known that nothing assists 
in insulation as does confined air. Mag- 
nesia is mixed with glue to form a 
plastic compound for insulating valves, 
pipe fittings, etc. In the prepared pipe 
coverings on the market, mag:nesia is 
mixed with some light fibrous material 
molded into the desired shape and cov- 
ered with canvas. (See also Pipe Cov- 
ering.) 

417 — MAGNESIA, ITS EFFECT IF 
PRESENT IN CLAYS. — ^Magnesia, that 



is, the oxide of magnesium (MgO), is 
very seldom present in clays to a 
greater extent than one per cent, un- 
less we consider magnesite and dolo- 
mite as clays. When burned, magne- 
site becomes magnesia (MgO), and is 
highly refractory, but when present in 
small quantities with other fiuxos 
magnesia acts as a fiux, making the 
clay soften slowly instead of quickly 
as occurs with a clay that contains a 
high percentage of lime. The pres- 
ence of magnesia in fire clay is espe- 
cially serious, as it helps to reduce the 
melting point. 

MAGNESITE BRICK, see Dolomite 
and Magnesite. 

MAGNETIC SEPARATOR, see Elec- 
tro-magnetic purifier. 



418— MAGNBTING.— A term whicli 
refers to the use of electromagnet ma- 
chines, by means of which particles of 
iron are extracted from the clay slip 
before it flows into the smooth agri- 
tator, as one of the preliminary stages 
of preparing clay for the manufacture 
of pottery. (See also Electromagnet 
purifier.) 

419— MAGNETITE. — The magneUo 
oxide of iron (FeaO«); forms olack 
magnetic grains; usually found only 
when material is examined with micro- 
scope. On exposure to air or in pres- 
ence of moisture, it changes to limon- 
ite. 

420— MAJOLICA AND FAIBNCB. 

These terms are rather loosely used, 
but faience is generally understood to 
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be pottery In which the colored clay 
body is covered with a clear fflaze, and 
majolica to be pottery in which the 
colored clay body is covered with an 
opaque enamel. (See also Faience.) 

421— MANGA.NBSB*— A black mineral 
used in the form of the oxide. It is 
used prlncipallv to color the face or 
body of face brick, terra cotta or other 
faciniT material. Low grrade fire clay 
makes a sood foundation for the use 
of mangranese as the black spots caused 
by the mangranese make a better con- 
trast on the buff clay than on a red- 
der burning: clay. Mangranese is sold 
in several sizes, the smaller ones to 
produce a grray brick and the lareer 
sizes to make spotted or mottled brick. 
Some very nice combinations can be 
produced by selectingr the rigrht grrade 
of raw material and the proper size of 
mangranese. 

422 — MANGANESB OXIDE. — Occurs 
in quantities up to 1% in many clays. 
In some residual clays the mangranese 
may appear in quantities worth col- 
lecting:. 

428— HANGANBSES 8 T E3 B li . — The 

name g:iven to steel casting:s which 
have a certain percentage of man- 

fanese in them. This results in a very 
ard casting:, and its use is advisable 
for any of the places where the hard 
service found in a clay products plant 
necessitates frequent renewal of cast- 
ings, such as augers, pan plates, g:ears. 
mfxing:, pug:-mllT knives, mullers, and 
crusher parts. 

MANUFACTURER (see catalog: sec- 
tion): 

Hadfield-Penfleld Steel Co. 

424— MANGIiES, DIPPBB^S.— A device 
used in the manufacture of white 
goods in potteries which provides a 
means of drying dipped ware. The 
mangle consists of a rectangular chim- 
ney, say, 60 ft. high, 7 ft. long, and 4^ 
ft. wide. It is fitted inside with two 
shafts, one at the top and one at the 
bottom, each shaft carrying two 
sprocket wheels over which run two 
endless chains. From these endless 
chains are hung boards, 6 ft. long, 
studded with nails of various lengths, 
on which the ware is placed by the 
dipper. The dipper works thru an 
opening at the bottom of the stack, 
placing the ware upon the boards 
while they are in motion. In this 
manner the ware is taken from him, 
passed thru the heated chamber, and 
delivered on the opposite side to the 
attendant, perfectly dry. The inside 
of the stack is fitted with a suitable 
steam coil. In heating, the chief ad- 
vantage to be gained by use of the 
mangle is that the ware is not touched 
while the glaze is still wet upon it. 
Thus, the edges of the ware are pro- 
tected and come from the kiln more 
perfectly glazed. 

MANUFACTURER (see catalog sec- 
tion): 

Philadelphia Drying Machinery Co. 
Proctor & Schwartz, Inc. 

MANUFACTURERS* ANNOUNCE- 
MENTS : 

Philadelphia Drying Machinery Co., 
3351 Stokley St., Philadelphia. 
Pa. Build various standard sizes 
of Automatic Mangles. Used for 
all kinds of dipped ware. Steel 
construction, asbestos insulation. 
Efficient heated-air recirculation 
system. Automatic temperature 
and humidity apparatus used 
when desired. Produces uniform 
ware, at low cost. 

424A — MANOMETER.— This instru- 
ment is the indicating part of a draft 
gage outfit. It consists of a V tube 
that has one end connected with a 
pitot tube in the flue or stack whose 
draft is to be measured. 

The other end is partly filled with 
mercury and the draft is measured by 
the variations in the level of the mer- 
cury due to the reduced pressure caused 
by the draft. 

425 — ^MAFS. — In laying out any in- 
tensive sales campaign, a map of the 
district to be covered is very beneficial, 
as the lines of communication and the 
possibilities of business are shown very 
forcibly. Maps are mounted on paste- 
board and hung on walls, but if sev- 
eral are in use they should either be 
placed in a rack of drawers, or mount- 
ed vertically around a central standard, 
so that one can be studied at a time. 
Pins are used to a great extent for 
certain indications on a map, and may 



have any number of different kinds of 
heads. One color or type of head may 
indicate the locations of dealers, an- 
other live prospects, another the busi- 
ness that was obtained by a competi- 
tor, another orders that have not been 
shipped complete, etc. There is no 
limit to the possibilities of the develop- 
ment of the use of these maps and 
pins. The territory for one salesman 
can be laid off by stretching cord or 
string around the pins on the outside 
of his district. The freight rate to a 
certain point or district can be shown 
by a certain color of pin. 

MARIlf E BBARIPTG, see Bearing, or- 
dinary types of. 

MATERIALS, BUILDCfG, see Sup- 
plies for building construction. 

MECHANICAIi BRICK SETTER, see 

Setting machine. 

MEOHAPriOAL WHEEIi^— A form of 
Jolly or Jig, see Jiggering and Jollying. 

425A — ^MESH. — ^This term is used in 
several ways around a clay products 
plant. In speaking of the holes in a 
perforated sheet steel screen it means 
the diameter of the hole if the hole 
is round, for instance. No. 6 mesh in a 
round hole means that each hole is one- 
sixth of an inch in diameter. In a 
piano wire screen or a wire cloth or 
woven wire screen the mesh means 
the number of openings to an inch. 
In these cases the thickness of the 
wire has an effect on the opening, for 
instance, a screen of No. 6 mesh may 
use wire that is .036 in dianreter. In 
that case the opening between the 
wires is about % inch. If this same 
screen used wires of .066 diameter the 
opening would be reduced to about 
.10 inch. 

In talking of gears mesh means the 
proper location of two gears so that 
the teeth will wear a minimum amount. 

METAL, ANTI-FRICTION, see AnU- 
friction metal. 

METAL, BABBITT, see Babbitt metaL 

METAIi HOSE, see Hose, metal. 

METAIi, PERFORATED, see Per- 
forated sheet metal. 

METER, DRAFT, See Draft gage and 
meter. 

42e— METER, WATER, GAS, ELBO- 
TRIGITY, STEAM, ETC— A meter is a 
device to measure the flow of a liquid, 
gas or electricity as it passes a cer- 
tain point. An indicating meter is 
one that shows the total amount that 
passes. This is shown on a series of 
small dials. The usual water and gas 
meters are of this type. In electricity 
the volt-meter shows the voltage of 
the current and the ammeter the am- 
perage of the current. The meter 
used to measure current used is a watt- 
meter, as a watt is the standard of 
power in electricity. Watt-meters are 
made either indicating or recording. 
A recording meter is one that makes a 
record on paper of the flow of the force 
or material at that point every mo- 
ment. Steam meters are both indicat- 
ing and recording, and for a steam 
line a recording gage is far more 
serviceable, since it shows the amount 
of steam used every moment and prints 
or traces this record on paper. Boiler 
meters are recording instruments that 
show on paper the rate of steam flow, 
the air fiow to the furnace, and the flue 
gas temperature. Another form shows 
the amount of steam produced by each 
pound of coal burned. When using 
powdered coal, as in connection with 
stokers, a coal meter will register the 
amount used. Oil meters are usually 
made like water and gas meters, sim- 
ply to indicate or register the total 
amount that has passed the meter. 

426A — METRIC SYSTEM. — ^The metric 
system is the system of weights and 
measures in which the divisions are 
all multiples or divisions of ten of the 
unit, the same as our system of money. 
The metric system is used extensively 
in Europe and in scientific calcula- 
tions. The metric unit of length is the 
metre — 39.37 inches. The metric unit 
of weight is the gram — ^it 400 grains. 
I''„1,"'^l^' if K'it'^J't'li^" the statistical 



section for tables for conv^':r*i*tr^'metrlc 
into standard Aiv?^"^^ ^eas- 
vlce versa. ^^rlcan »^®* 

427— MICA.— The mica.* 
of alumina and iron «- ^ 
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ures and 
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and commonly contain i>J5 UW aiK^^^wTe 
species of mica is foun^^^ fte fl ^ v8 



and it is one of the few minerals in 
clay that can readily be seen with the 
naked eye, for it exists commonly in 
the form of minute scale and plates 
whose bright, shining surface makes 
them conspicuous, even when small. 
Mica is very slowly affected by weath- 
ering conditions. Because they con- 
tain a higher percentage of alumina, 
the micas do not fuse as readily as 
feldspar, but are nevertheless active 
fiuxes at slightly higher temperatures. 
The presence of micas Is detrimental to 
the color of a light burning day, be- 
cause of the small percentage of iron 
they usually carry. The percentage of 
mica in clays, however, is seldom large 
enough to be harmful. 

Mica is a good electrical insulator 
and hence is used a great deal in the 
manufacture of armatures for motors. 

MILLIMETER, see Metric system. 

MINING CliAT, see Clay winning. 

427A— MINING, HYDRAULIC. — This 
method is used in Cornwall, Eng., in 
mining clay of great depth. First a 
shaft is sunk in the solid rock near the 
clay to be worked. A tunnel is then 
run from the bottom of the shaft to 
the clay ground. The end of the tun- 
nel in the clay is connected with the 
surface by a small vertical shaft. A 
stream of water from a hydraulic gun 
is turned onto the material contaimng 
the kaolin and being very fine grained 
it is taken up and lield in suspension 
by the water. The milky liquid is al- 
lowed to fiow down the shaft, along 
the tunnel and finally is raised to the 
surface by means of a pump. 

MIXER, CLAY, see Feeder and mixer, 
clay. 

MOLDING, POTTERY, see Casting, 
Jiggering and jollying, and Pressing. 

MOLD-MAKING, see Potters' molds. 

428— MOLD SANDER.— In the manu- 
facture of soft mud brick, the molds 
must be sanded. In order to do this 
cheaper and more efficiently, a class 
of machines has been put on the mar- 
ket called mold sanders. At times 
they are consolidated into a soft-mud 
machine and form a part of it. The 
empty mold Is fed into one side of the 
machine, and comes out at the other 
with all of the inside evenly sanded 
and the surplus of sand knocked off. 
Sand is used so that the clay of which 
the brick is made will not stick to the 
mold, and .therefore the brick will not 
be misshapened when dumped out. 

MANUFACTURERS (see catalog sec- 
tion): 

Hadfield-Penfield Steel Co. 

International Clay Machinery Co. 

429 — MOLDS, MISCELLANEOUS 
TYPES OF.^ — The molds for making the 
different classes of clay products are 
of many types, because the mold is 
the box or form which determines the 
size, shape and form of the finished 
piece of clay ware. For the repress of 
a plant making brick of any kind the 
molds must be of tool or other hard 
steel. The molds for soft-mud brick 
are made of either wood or steel. Spe- 
cial shapes of fire clay are made in 
wooden molds sometimes lined with 
metal. Plaster of paris is used for 
terra cotta and pottery. Most other 
shapes are made in metal molds, altho 
when the shape is odd or the quantity 
small, wood or plaster of paris is used. 

MANUFACTURERS (see catalog sec- 
tion): 

Hadfield-Penfield Steel Co. 

480— MOTOR, ELECTRIC^-An elec- 
tric motor is a machine or device for 
converting electrical energy into me- 
chanical energy; in this, it functions 
oppositely from generators and alter- 
nators which are used to convert me- 
chanical energy into electrical energy 
(see Generator and alternator). The 
construction of a motor, however, is 
identical to that of the generator or 
alternator. The use of motors to drive 
each machine individually has grown 
rapidly in the clay products tnaustry 
in recent years. An individual motor 
applied to each machine eliminates the 
danger and expense incurred by driv- 
ing from a lineshaft; it also econo- 
mizes fioor space, and has the advan- 
tage of not consuming power except 
when in actual operation. Isolated 
machines, such as pit pumps, coal un- 
loaders, etc., can be easily and eco- 
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nomlcally driven by a motor. Electrio 
motors 4jre now furnished In practical- 
ly, any size desired, usually from 
^ Ix. p. up, and for either alternatinsr- 
cuiirent or direct-current circuits. 

MOTOR Ollif see Lubricating^ oil and 
irrease. 

MOTOR TRUCK, see Automobile 
truck. 

MOVBRy CARk see Car mover. 

MUFFIiB KIIiN, see Kiln, intermit- 
tent, muffle, down-draft. 

431-— MUIiliBR. — ^These are the heavy 
firrindins wheels of a dry or wet pan, 
and are used in each case to srind the 
material finer. In the ctfSe of a wet 
pan they are used to temper or toughen 
the mix in addition to grinding:. A 
muller consists of a heavy rim which 
fits around the center part of the 
wheel. This center is fitted with a 
hub which must be provided with 
proper lubricating oil or grease so 



that-'it may rotate on the shaft when 
the' revolution of the pan causes the 
muller to rotate also. This center may 
be solid or hollow, depending on wheth- 
er or not it is desired to have a heavy 
or comparatively light muller. The 
outside rim is made of chilled iron, 
cast steel or manganese steel and may 
be from four to eighteen inches wide 
and from four to twelve inches thick. 
Changing a muller is often a big Job 
and in fact sometimes it is found that 
replacing a muller tire that has worn 
unevenly means replacing the muller 
plates; that is, the plates on which the 
muller travels or grinds. Even when 
mullers are in continual use they wear 
unevenly unless made of hard material, 
and this uneven wear reduces the ca- 
pacity of the pan in direct proportion 
to the amount of -spaces or surfaces 
that are worn so much that they do 
not touch. We have, therefore, three 
causes for loss due very often to mak- 
ing the mullers out of material that 



is too soft, the reduced production dur- 
ing a large part of the lifetime of the 
muller, the cost of the labor and ma- 
terial for putting on a new tire, and 
the cost of the lost production during 
the time of repair and replacement. It 
would be well for all clayworkers. 
therefore, to seriously consider the 
use of harder metals for the tires and 
bed or muller plates of their dry and 
wet pans, as cost systems will show 
in a great many cases that the more 
expensive material is the more eco- 
nomical. This description of the use 
of mullers also applies to chaser mills 
as they are a form of wet pan. (See 
also Chaser mill; Pan, dry; Pan, wet.) 

MANUFACTURERS (see catalog sec- 
tion): 

Eagle Iron Works. 

International Clay Machinery Co. 

Mueller Machine Co., Inc. 

Stevenson Co. 

Toronto Foundry & Machine Co. 
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432— NAORITE. — A mineral related 
to kaolinite, and said by Johnson and 
Blake to be Identical with pholerlte. 

438— NARROW GAGE3 TRACKw— The 

industrial track used around a clay 
products plant is called narrow gage 
because the gage or distance from rail 
to rail is less than that used on the 
standard railroad track. Narrow gage 
track is usually made 24, 30 or 36 
inches wide. (See also Frogs, rails 
and switches.) 



MANUFACTURERS (see catalog sec- 
tion): 

Hadfleld-Penfleld Steel Co. 

International Clay Machinery Co. 

484— NEHTTONITB* — ^A rhombohedral 
mineral which appears in soft, com- 
pact masses, resembling kaolinite; col- 
or, white; sp. gr., 2.37. Its composi- 
tion is: silica, 38.6 parts; alumina, 32.7; 
water, 28.8. 

NOBT-PLASTIO MATERIALS, see 



Clay products manufacture, non-plastic 
materials of. 

43S — ^NONTRONITBw — ^A mineral, said 
to be the ferric equivalent of kaolinite; 
probably occurs in some clays but is 
rarely referred to or identified. It is 
easily decomposed by acid or alkaline 
solutions, and yields limonite as an 
ultimate product of aqueous action. 
Formula, tliFeaSliO*. 

NOZZIiE, see Sleeve, nozzle and run- 
ner-brick machinery. 



O 



488— OBSOIiESGBNGE. — Obsolescence 
is that phase of accounting which aims 
at arriving at the loss of value of ma- 
chinery, land, buildings or equipment 
due to the fact that the object in ques- 
tion has become out of style or that 
improvements have been made by 
which a competitor can produce better 
or more economical ware. A machine 
purchased ten years ago may be in 
very good physical condition, and may 
make as good ware as when new, but 
if a competitor can buy a new machine 
that will produce better ware or equal- 
ly good ware at a reduced cost, it is 
poor business 'to use the old obsolete 
machine. In accounting obsolescence 
must be estimated to a large extent, 
and it is necessary to consider it 
wherever the equipment must be re- 
placed sooner than indicated by the 
rate of depreciation. (See also De- 
preciation.) 

437 — OFFICE EQUIPMENT. — In ad- 
dition to the usual desks, chairs, etc., 
found in an office, there are many con- 
veniences, machines, pieces of equip- 
ment, etc., that greatly increase the 
efficiency of the work, and reduce the 
cost of doing the work. Included in 
this classification are typewriters, add- 
ingr and calculating machines, filing 
cabinets and systems, check protectors, 
loose leaf and machine bookkeeping 
systems. (See also Card indexes; 
Maps; Charts, graphic, etc.; Safes; 
Vaults; Clock; Clock., WAtoiwMAii^; and 
Accoxnrtiikgr.) 

437 A — OIL AND GREASB^-In addi- 
tion to the oils and greases described 
under Cat oil; Lubricating oils and 
greases; Fuel oil; and Fat oil, we have 
other oils for special purposes, such as 
cutting oil which is a compound to use 
in a machine shop for work around the 
lathe, drill press, power hack saw, etc. 
It is an oil made especially to enable 



metal to be cut without heating too 
much. Any cutting of metal is ac- 
complished with the expenditure of 
heat and this oil is made to reduce the 
friction of the two surfaces as much 
as possible and also to lower the re- 
sultant heat as far as possible. In 
making flower pots a special oil is 
mixed with the clay which lubricates 
the flower pot as it is being formed. 
This oil burns out as soon as the tem- 
perature is raised in the kiln. One of 
its main requirements is that it must 
not discolor the ware. 

488 — Olli BURNER. — In using fuel oil 
for operating boilers or a kiln, it is 
necessary to have some burner which 
will insure the utmost economy. Fuel 
oil cannot compete with other forms of 
fuel if this utmost economy is not at- 
tained. There are two methods of mix- 
ing oil for proper combustion, one is 
to heat the oil to such a degree that it 
will volatilize and then burn as a gas, 
and the other is to atomize the oil; 
that is. break it up into small particles 
surrounded with air for the combus- 
tion. In this latter method the atom- 
izing of the oil is accomplished by 
steam or compressed air. Some of the 
heavy oils are hard to atomize and 15 
or 20 pounds pressure is necessary to 
accomplish the result. The installation 
for the compressor plant of this size is 
costly and in the operation there is a 
large amount of noise, so that a com- 
bination high and low pressure burner 
has been devised and works satisfac- 
torily. The oil is fed under a pressure 
of 15 to 25 pounds and a small amount 
of steam or compressed air is used 
to atomic it at a slightly lower pres- 
sure. The air for combustion Is sup- 
plied at four to six ounces. One of 
the big advantages of this type of 



burner for a clay products plant is that 
it is very easy to attain an excess of 
air which is necessary in the water- 
smoking stage of the burning, the ex- 
act proportion of air for complete com- 
bustion which is necessary when the 
heat is being raised, and a deficiency 
of air at the completion of the burn 
if reducing conditions are desired. 
These changes can be made by regu- 
lating the amount of air entering thru 
the low pressure line, while the oil 
feed and the air or steam for the 
atomization are kept in proper pro- 
portion, and can be regulated accord- 
ing to the amount of fuel desired. 

MANUFACTURERS (see catalog sec- 
tion): 

American Equipment Co. 

Hadfleld-Penfleld Steel Co. 

Weller Manufacturing Co. 

438— Olli, CAT. — A mixture of min- 
eral and other oils of varying composi- 
tion, used largely in the rubricatlon 
of clay in brick-making. Creosote oil, 
cheap emulsions, and oily waste prod- 
ucts are largely used for this purpose 
because of their cheapness, altho it Is 
much better practice and less costly 
in most cases to use an oil or emul- 
sion of superior lubricating power and 
to control its application so as to pre- 
vent wastage. 

440 — Olli GUP, SIGHT FEED. — A 

sight feed oil cup is one which enables 
the operator to see the oil as it feeds 
from the reservoir to the bearing. Tlie 
size of the oil cup depends on the size 
of the reservoir. At the bottom of tbe 
reservoir a needle valve is placed and 
arranged so that it can be locked in 
any position desired, to feed a definite 
number of drops of oil per minute, &nd 
also can be closed at any time to pre- 
vent any oil feeding. Between the oil 
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reBervoIr and the bearlUK there li a 
short KlaBB tube thru which the oil 
drops and the metal 1h cut away so 
that the operator can vl«w the drops. 
An oil cup o( this type can be screwed 
into a bearlnir or Into a pipe. Many of 
the force feea and Rravlty oiling a — 



OIHhK system: Lubricating- oil and 



In overgla 



441 — OIL, FAT.— An oil obtained by 
the evaporation of turpentine at low 
temperatures, and used In c 

Calntlnfc. It Is more gTeasy c 
eslve than turpentine, and i 



ters and purifiers are Installed. Several 
types are used but the object and the 
result o! each Is the same; namely, 
the SfDaratlon of the used and unused 
oil. The farmer la discarded and the 
latter mlied with the fresh oil. Where 
plants are large enoug-h and a larare 
amount of oil Is used. The oil which Is 
recovered pays a large Interest on the 
cost of Installation and operation. In 
order to filter oil, some method of 
gathering the used oil must be em- 
ployed. This la easy with a machine 
or engine using the splash or forced 
feed system, or where a reservoir of 
oil Is kept below the bearing' as In a 
ring or chain system of lubrication. 

OIL, FUBL, see Fuel oil. 

443 — OII.I]«Q iYSTBM. — In addition 
to sight feed oiling cups which are 
described under an Item of that head- 
ing, there are oiling systems that force 
the lubricating oil into the bearings. 



that the lubrication i 
■-•| the 



,.-,_ -- ,,.-_ J the 

machine. The oil is forced by this 
pump Into the several bearings, and 
often the pipes loading from the pump 
to the bearings are equipped with sight 
feed devices that show whether or not 
the oil Is going' to each bearing. This 
— '- -' -n there 



OILLBSS BHARHTC, see Bearing, oll- 

444 — on,. PRINTER'S, — A sticky, ad- 
hesive medium used as a vehicle for 
the color applied In underglaze decora- 
tions by means of printed transfers. 
Ordinarily It la made by one of the two 
following recipes: (1) To 1 gal. of Un- 
seed oil, boiled for three hours and 
then scummed, add 3D ox. Stockholm 
tar, l,ox. red lead, 1^ ozs. rosin, and 
boll well, skimming carefully. <Z) 
Boll a mixture of 2 qta. of linseed oil. 
1 pt. rape otl, and 1 oz. red lead (or 
two hours. Allow mixture to cool 
somewhat, then add 3 ozs, of sulphur 
and a trifle more than % pt. of com- 
mon tar, stirring well together. 

Searle's Ceramic Industries Pocket 
Book gives the following recipe tor 

Unseed oil 48 ounces 

Wood tar S ounces 

Colophony 1 ounce 

Red lead 1 ounce 

Flowers of sulphur. 1 ounce 
These materials are heated while be- 
ing stirred until a uniform liquid Is 
produced. Printing oil of good quality 
rapidly becomes "tacky" when a drop 
of It Is placed on a pfece of unglaied 
ware. It Is usually preferable to pur- 
chase printing oil ready for use from 
a reputable dealer. 

OIL SEPARATORS, see Separator, 
Oil. steam, etc. 



account of the necessity for eliminating' 
all waste, a proper oil storage systom 
has attracted the attention o( all np- 
to-date plant managers. Fuel oil Is 
usually stored In large underground 
tanks, holding a carload or more. Un- 
derground storage Is also very advis- 
able for gasoline, and to a certain ex- 
tent for kerosene. Lubricating oils of 
the various kinds should be pumped 
from the containers In which they are 
purchased into tanks of various sizes. 
BO that they can be pumped from these 
tanks when it Is neoeaaary to use them. 
The use of tanks and pumps reduces 
and almost eliminates the danger of oil 
being wasted. These tanks are usually 
made of quite heavy sheet Iron, ana 
the pumps are similar to those tised 
for selling gasoline In up-to-date Oil- 
ing stations. 

OPERATION re: G ORDER, sea Re- 
corder, time and operation. 

OR8AT APPARATUS. — App a r a t u B 
originated hy Orsat for flue gas anal- 
ysis. (See Flue gas analysis appara- 

of 



I per cent, of silica, IS 

,.. of alumina and 18. fl per cent. 

of potash. In some cases sodium re- 
places part of the potash. It Is used 
In pottery mixes in place of feldspar, 
447 — OVBRBITRDEN. — Overburden is 

the clay, dirt, Btone or other material 
which must be removed In order to be 
able to dig or work the deposit re- 
quired. (See Stripping: Shovel, pow- 
er: Aerial tramway; Digging machin- 
ery: Ditching machine, and Sioavator, 
drag-line.) 



OVBRQI.AZBI DECORATION, S e O 

Decoration, overglase.) 

OVERHEAD RAIL SYSTEM, see 
Conveyor, heavy duty, monorail. 

OXIDATION PERIOD, see Burning, 
oxidation period of. 

OXT-ACBTYI.HNB, see Welding. 



448— PACKIiro, SHEET. — Sheet pack- 
ing Is used wherever it is necessary to 
have a tight lolnt between two flat 
surfaces. In order to retain a liquid or 
ga,» under pressure. All pipe unions 
require a gasket made of sheet pack- 
ing', unless made with a ground Joint. 
The same Is true where pipe Is fas- 
tened to any casting, engine or other 
machine by a flange, ^very boiler 
tnanhole must be equipped with sheet 
packing. These are sometimes woven 
to fit each manhole and plate. Sheet 
packing Is alao used In fastening some 
of the flanges and castings of the 
Internal combustion engines. Some 
types of lubricated dies for brick ma- 
chines use sheet packing to retain the 
oil or steam In the chest provided (or 
that purpose. Sheet packing la made 
in several different thlckneaaes of rub- 
ber, of asbeatoB woven with brass wire, 
or of canvas. The latter Is used only 
for special places tor which It is 



used around a shaft or rod to prevent 
a liquid or gas from leaking from a 
chest or other container as the shaft 
or rod rotates or reciprocates Is called 
"packing." In addition to preventing 
leaks, the packing must lubricate or 
facilitate the lubrication of the rod. 
There ia usually a casting made to 
hold the packing, which Is called the 
packing-box. Another casting Is pro- 
vided that will tighten the packing 
and keep It snug, which is called the 
packing gland. Packing Is made of 
two principal materials: one made of 
strands of metal, called "metallic 
packing." and the other made of 
woven or similar material, oalled 
"flbrous packing." Paclilng is used on 
the piston rods of engines and pumps, 
on the valve rods of Corliss and simi- 
lar engines, on valve stems, etc. Ab 
the liquids and gases In the chambers, 
chests, pipes or other containers vary 
greatly In their qualities and require- 
ments, there IB a corresponding varia- 
tion In the composition and quality of 
the manv kinds nf nBuklnc. i*h^ pack- 

) lubri- 
ifCcateB 

typ* ti 






aec- 



400— PAIWT.— Preparations or com- 
pounds In liquid form that are Intend- 
ed to be placed on a wooden or metal 
surface that It is desired to protect 
atmosphere. They 



liquid c. 



L be o 



In some paints the liquid evaporates 
and the coloring matter Is deposited 
as a solid on the surface, of smaller 
bulk than when applied. 'When tho 
liquid Is linseed oil or a almiiar Bub- 
stance, the mixture Is called an oil 
and the oil or liquid oxidize 



t thi 






Id the oil or liquid oxidizes, so 
resultant coating on the sur- 



lulk 



especially whet. 

stand heat aa In the case of stacks, 
boiler breeching, etc. Flre-realstant 

taint Is made especially to withstand 
Igh heat; that Is. as high as the metal 
will withstand. For painting the In- 
side walls of a factory building, a 
spraying machine Is often used as the 

faint can be put on the wall with much 
ess labor and In a much shorter time 
than can be done with a brush. The 
paint Is forced thru a hose, similar to 
the method used by a gardener spray- 
ing his plants to counteract the dam- 
age done by Insects. 

4B1— PALLET AND TRAY. — Pallets 
an& trays are the pieces of equipment 
an which clay products are carried 



Pan 
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Pan 



after being: made or formed into their 
finished shape. They are used only 
when the ware would be injured if 
handled alone, as the expense is great- 
er. They are used universally in the 
groductlon of soft-mud brick, silica 
rick and shapes, china, electrical and 
other classes of porcelain. In a few 
cases they are made of boards but the 
very largre majority are made of sheet 
steel in sizes and forms to suit indi- 
vidual requirements. 

Sewer pipe and lar£re sizes of drain 
tile are also placed on pallets until 
dry enouerh to be handled without 
damagre. These pallets consist of 
boards put together with cleats in a 
more or less square form. There is 
usually a hole in the center of this 
board so that air can circulate on the 
inside of the ware and thus assist in 
drying: it quicker and with more safety. 

Refractory shapes, g:as retorts and 
similar special material is also dried 
on pallets. 

4S2— PA.N A.Nb PAN 8TBP, HOl^T TO 
GARB FOR. — ^The troublesome points 
about a pan are the scraper, screen 
plates, step and clutch. 

The scrapers are subjected to espe- 
cially hard service where hard, lumpy 
shales or damp, sticky clays are used. 
In such cases, the scrapers that came 
with the pan may often have to be 
replaced with heavier ones, or the 
anele may have to be readjusted to 
suit the particular material. The 
"shoes" or replaceable, adjustable 
plates on the front of the scrapers 
should Just clear the screen plates (by 
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Step Protector. 

about % in.). More screen plates are 
tainlw <aftd scrapers torn off by their 
being kept up ^oo hig:h than thru any 
other cause. Wedg:e-shaped pieces of 
shale g:et between the plates and 
scrapers and something: must grive 
away as the revolution of the pan 
drives the wedgre further in. In addi- 
tion to averting broken screen plates 
and torn -off scrapers, a "close" scrap- 
er keeps the pan bottom clean and 
gives maximum grinding capacity. 

It is important that the scrapers 
have a long sweep from muller to rim. 
Short scrapers are subjected to a far 
greater strain, both from friction of 
the bottom and blows from lumps, 
than a long sweeping scraper, and the 
former give far greater trouble. 

The underscrapers, or scrapers un- 
der the pan, should have careful at- 
tention. Because their position makes 
examination rather difficult they are 
frequently neglected; yet when one of 
them is loosened by nuts dropping off 
or bolts breaking, the result is broken 
pan arms and screen plates or torn- 
up bottoms and chutes. The use of 
spring washers under every nut, and 
regular inspection will practically stop 
these troubles. 

In some cases, however, the utmost 
care will not prevent the breakage of 
cast-iron screens; it is then wise to 



resort to malleable iron. These are 
expensive but practically unbreakable 
and give far better service than alloy 
plates which cost about the saQie. 

Hoiv to Care for Paa Step. 

The steps of dry and wet pans are 
practically the same. Lack of proper 
attention, rather than the type of step, 
causes most pan step troubles, which 
may generally be traced to dust and 
improper lubrication. At a small ex- 
pense a dust cap can generally be fitted 
so that the packing can be inserted 
around the shaft in the same manner 
as in the stuffing box of a pump or 

engine cylinder. 

Another method is illustrated, and 
consists of fastening a flat or um- 
brella-shaped circular plate tightly 
around the shaft, Just above the dust 
cap. Dust falling on this plate will be 
thrown clear by centrifugal force. 

It also often happens that, when 
steps are sent out of the factory, they 
are not provided with proper lubrica- 
tion facilities. Small pipes or grease 
cups are generally provided, but they 
soon become clogged at the inside end 
with dust, heavy oil or metal particles. 
In such cases, the man who oils may 
think he is feeding plenty of lubricant, 
or that the step is not using it very 
fast, whereas it Is getting little or 
nothing. A 1%-in. or IVi-in. feed pipe, 
provided with a threaded cap, will 
overcome this difficulty. If this pipe 
is brought up to the factory floor level 
or high enough to give a "head." and 
the step housing Is made oil-tight, 
the step can run on oil under slight 
pressure. 

An extra step should always be kept 
on hand, and the steps in use should 
be examined at least once each month, 
preferably oftener. 

Caring for CHutcfc. 

The pan clutch requires especial con- 
sideration. Unless a pan can be 
stopped quickly, great damage may re- 
sult from what would otherwise be a 
trifling accident. The superintendent 
himself should adjust the pan clutches 
and all other clutches about the plant, 
or delegate the Job to some thoroly 
capable man, and forbid others to 
touch them. Such a rule may cause 
minor delays at times, but will pay 
well in the long run in any plant. 

Miseellaay. 

Bushings in loose pulleys are another 
source of trouble when not properly 
lubricated. They require diligent at- 
tention, and a duplicate for each pulley 
should be kept constantly ready for 
use. 

It is also good policy to have extra 
crown wheels and pinions on hand, 
since one will occasionally be broken 
by a sudden Jar from a hard lump in 
the pan. (See also Bushings; Muller; 
Clutch and Step-plate.) 

MANUFACTURERS (see catalog sec- 
tion): 
Clearfield Machine Shops. 
Eagle Iron Works. 
Hadfield-Penfleld Steel Co. 
International Clay Machinery Co. 
Stevenson Co. 
Toronto Foundry & Machine Co. 

483— PAN, DRT. — ^The dry pan crush- 
er is employed to a greater extent than 
any other grinding machine for shale 
and other hard and lumpy clays. It 
has a wide range of usefulness be- 
cause of its ability to pulverize 
any hard material, from wornout 
fire brick, for use as gn^og, and hard 
limestone in the cement industry, 
to the less refractory classes of raw 
clays. The mechanism usually consists 
of two heavy end frames between 
which is placed the revolving pan and 
which are also used to carry the gears, 
driving mechanism and accessory parts. 
The pan, in turn, is equipped with 
heavy muUers or crushers and with 
tread or bed plates and steel screens 
in the bottom. These plates require 
renewal every 6 to 12 months and 
should be constructed of metal that 
will resist the great wear they are 
subjected to. The weight of the pans 
and mullers is carried largely by a 
vertical steel shaft which extends thru 
the bottom of the pan and rests on 
a step bearing. The design is such 
that when power is applied to the 
driving shaft this causes the main 
shaft and the pan to revolve and, in 
turn, to communicate motion to the 
crushing mullers. Below the pan, a 
movable wooden platform or other 
means is provided to catch the crushed 
material as it drops thru the screen 
plates. Dry pans are usually made 



with pan diameters of five, seven, 
eight, nine and ten feet, size furnished 
as desired. The capacity of the pan 
is largely controlled by the nature and 
condition of the material and the degree 
of fineness to which it must be ground. 
Various capacities from 10 to 20 tons 
per hour are obtainable. Horsepower 
requirement varies from 27 to 50. (See 
also Pan and pan step, how to care 
for.) 

MANUFACTURERS (see catalog sec- 
tion): 
Bonnot Co. 

Clearfield Machine Shops. 
Eagle Iron Works. 
Freese, E. M. & Co. 
Hadfield-Penfield Steel Co. 
International Clay Machinery Co. 
Mueller Machine Co., Inc. 
Robinson, Frank H. 
Stevenson Co. 
Toronto Foundry & Machine Co. 

MANUFACTURERS* ANNOUNCE- 
MENTS : 

Bonnot Co., Canton, Ohio. Dry pans 
of all sizes up to and including 
the 10-foot Bonnot dry pan which 
will give the largest capacity for 
horsepower used. 

Easton Car & Construction Co., 200 
Fulton St., New York, N. Y. 
Easton Scoop Bodies for Fords 
and Easton Roll-over Bodies for 
Fords and all other makes of 
cars can be furnished in ^, 1 
and 1^ cubic yard capacities. 
Bulletins and prices gladly fur- 
nished upon request. See our 
page in the catalog section. 

Mueller Machine Co., Inc.. 21-23-25 
Ward Ave., Trenton, N. J. 
Mullers are independent of each 
other and set slightly off centre. 
Give proper crushing effect. 
Large gear reduction assures 
small power consumption. Runs 
on Timken Thrust Bearings. 
Machine is constructed low and 
rigid. 

Stevenson Co., Wellsvllle, Ohio. 
Stevenson Dry Pans need no in- 
troduction to the clay industry. 
Being the pioneer line and ever 
in the lead, we feel that nothing 
more need be said. 
THE ORIGINAL. AND THE BEST 
—ALL. SIZES. 

4B4— PAN, VTElT. — For grrlndlng and 
tempering in the same operation, where 
clay has come from the bank in a 
plastic condition or has come from 
some other grinding machine, the wet 
pan ts extensively used. In construc- 
tion the wet pan does not differ es- 
sentially from the dry pan (see Pan. 
dry), except that the grinding mullers 
are usually narrower and the floor of 
the pan is solid, instead of perforated 
as it is in the dry pan. The clay may 
be shoveled or spouted into the wet 
pan, the proper amount of water added, 
and the clay ground and mixed to the 
proper consistency. Without stopping 
the machine, a charge of tempered clay 
is usually transferred from the pan to 
a conveyor by the operation of a shovel 
mounteo on a pivot close to the pan. 
The work of the wet pan, however, 
can scarcely be called continuous, as 
it is necessary to treat each charge 
separately, then remove it before more 
clay can be supplied. Because of this 
fact it has a smaller capacity than a 
dry pan and is rather wasteful of 
power; but irrespective of this slight 
disadvantage, the wet pan does douole 
duty — grinds and tempers simulta- 
neously — and its effectiveness is un- 
questioned. The wet pan is also used 
in some stoneware potteries, sewer pipe 
factories, and is peculiarly efficient for 
blending clays of different natures into 
a homogeneous body. 

Wet pans are usually made in diam- 
eters of five, seven, nine or ten feet. 
The power required to operate a wet 
pan. as well as the capacity of the 
pan, is largely dependent upon the 
nature and condition of the material 
being tempered. 

MANUFACTURERS (see catalog sec- 
tion): 
Bonnot Co. 

Clearfield Machine Shops. 
Eagle Iron Works. 
Hadfield-Penfield Steel Co. 
International Clay Machinery Co. 
Mueller Machine Co.. Inc. 
Stevenson Co. 
Toronto Foundry & Machine Co. 

MANUFACTURERS' ANNOUNCE- 
MENTS: 

Mueller Machine Co., Inc., 21-23-26 
Ward Ave.. Trenton, N. J. 
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Mullers are Independent of each 
other and set allKhtly off centre. 
Olve proper crustiiiiK effect. 
Liarse gear reduction Mas urea 
amaTl power conaumptlon. Runs 
on TEmken Thrust BearlnKS. 
Macblne 1b constructed low and 
rlffld. 
'Stevenson Co., Wellavllle, Ohio. 
Stevenson Wet Pana like our dry 
pans are used so extensively In 
the brick and sewer pipe Indus- 
try for KrLndlng and temperlns, 
or teraperlng only, accordlnK to 

quire no introduction. 

OTHERS PREFER THEM. YOU 

SHOULD HAVE THEM— AJLL 

SIZES. 

455— PARIAN- W A HB^A grado ol 

white, unglazod porcelain, so-called be- 



i under Porcelain.) 



especially for ornamental 

work. In maklDK patterns for cast 
Iron, a special rule Is uaed. called a 
patternmaker's or shrinkage rule. 12^ 
Ids. are measured on this rule, and this 
distance Is then divided and subdivided 
1( It meaaured only 12 Ins. In other 
ihrlnkage of one- 

. , In cast Iron. Pat- 

___ _ jsually made of white pine 

or simllbr wood which does not readily 
warp or shrink. Another Important 
consideration is to obtain a wood 
which can be worked as easily as poa- 
Bible, Holes In castlnKs are made by 
"cores." These are made of san ■ ■ ■ • 



f sand baked 



Is made by usInK a. 



pro pi 



plat 



in 



B quickly as possible the 

desired surface. Patterna must always 
be provided for the cores and ohiUa. 
The holes In dry pan screen plates are 
mad.^ by chills. (See also Gastlng-a. 

407— PGRFORATBD SHKEiT HBTAI.. 

—Perforated sheet metal. In the clay 
Industry. Is chiefly used to make 
screens (or aiftluK clay, cement, etc. 
The perforated metal screen usually 
has six, elg-ht or ten holes per linear 
Inch or the perforations may vary from 
1/20 to \i in. In diameter. Sheet steel 
ot No. le to No. 22 gage Is used, de- 
pending upon the size of the OHrfora. 
tlODB. The perforation; 
oblong or circular. Shei 
with oblong perforatl 



either 



'Bslly 



) errors 



clea 



I give 



ly other purposes, particularly 



Link-Belt Com 



Weller Manufacturing Co. 

4SB PERM B ABILITY TBS T. 1] 

testing porous ware, a glass cylinder 



Method at Hakln* Permeability Tes 



of the cylinder. 

permeate thru to the bottom aide of 
the ware Is noted; also, the number 



__ body which 

absorbs water rapidly will be less af- 
fected by freeilng and thawing than 
another body of the same absorption 
which, however, absorbs the water more 
slowly. (See also Freezing test.) 



(Hidj IB. 6 parts. It Is Ultely that 
pholerlte la present In many Are olays. 
perhaps even In some kaolins. 

460 — PIAKO IVIRE SCRBBN. — These 
are made of two channel irons which 
form the sides and two heavy castings 
which form the ends of the finished 
Hcreen. Piano wires are stretched from 
one end to the other and keya are pro- 
vided that keep them as tight as pos- 
slhle. The wires are kept at a uniform 
space from one another. ' 



the 

operation th 



leah of the i 
Brlal c 



B the V 



In 



thereby preventing the 

creen from clogging. The vibration 
f the wires allows them to spread 
. little so that the material which 
assea thru a piano wire screen does 



. will have a little 

r particles and a larger percentage 
e medium alzed partlclea A piano 



MANUFACTURERS (see catalog Sei 

Freeae. E. M. & Co. 
Hadfleld-Penfleld Steel Co. 
International Clay Machinery Co, 



Ste\ 



1 Co. 



. -Every clay products 

plant requires picks for some operation 
or other. Where the clay Is mined 
by hand underground, a special type o( 
pick called a miner'a pick la used. 
The points are very sharp and the 
distance from point to point Is smaller 
than In the ordinary or railroad pick. 
For outdoor work whether In the OPon 
clay pit or around track work the 
ordinary or railroad pick is generally 
used. This has one sharp point and 
one broad edge. The latter is service- 
able for loosening stone, etc. The 
grub pick or hoe Is very good for 
cutting out the roots of trees, brush, 
etc. Picks are T-shaped, the straight 
part of the T being the wooden handle 
and the cross part which is curved 
being made of metal and having the 
points or edges spoken of above on 
the ends of this curved metal part. 



Information about vltrlfled clay pipe 



plec 






of 



) Is a cylli . . 

wrought iron, steel or sheet 

steel, uaed for conveying a liquid or 
gas, such as steam, water and com- 
pressed air. The sheet steel type la 
generally made by winding the sheet 
in a spiral form and riveting It to- 
gether where it laps. It is not Intended 

great pressure Is employed. Cast-Iron 
pipe is generally used (or underground 
work, because of Its longer life. All 
underground pipe, however, should be 



for any drainage work .- . 

Is not much pressure used. Genuine 
wrought Iron pipe Is seldom uaed now 
the ordinary pipe with which wo art 
familiar ■--' — — ■■- -' ~.-.i 
welded: ti- 
er cylinder 

two edges of the steel togethei. 

tudlnalTy of the pipe. The ends of 
wrought Iron rlpe ere provided with 
threads on the outside. These fit Into 
connections or llttlngs which loin the 
pipes together or Into castings sheila 
or other containers. Almost Ji flttlngs 
are made of either eaat oi,"" iieable 
Iron, '^ ma""^ 

Fittlnga are made In a. . -any 

pipe to another as a 



desired to change from one sixe of pipe 
to another. Tees for Joining three 
pipes and crosses for Joining four 
pipes are also used, and for special 

Eurpoaes there can almost always be 
3und a fitting to accomplish the re- 
sult desired. Piping and fittings ara 
very satisfactory for placing guards 
around machinery, pita, etc.. where 
there la danger of any man being hurt. 



^«feS 






laed. but in the 



moved by a separator. The result of 
this Is that wet steam Is not as effi- 
cient as the same amount o( dry steam. 
The amount of saving which can be 
made by covering steam, pipe pays a 
large return on the Investment. Prac- 
tically all pipe coverings depend on 
the amount of confined air contained 
therein for their qualities of Insula- 
tion. The lighter a material Is, there- 
fore, the more confined air it is likely 
to contain and the better Insulations 
It will accomplish. Asbestos, magnesia. 






guhr, 



all B 



.^rlala for the manufacture of pipe 
coverings and Insulations. 

MANUFACTURER (see catalog sec- 
Cell te Products Co. 
4«4— PIPB CDTTBR, STBBL.^ — These 
attachments or tools consist of a C 
shaped casting which fits around the 
pipe. In the body of this casting three 
cutting roUa of very hard ateel are 
placed at equal distances, the locatloD 



< It c 



die 1 



I tool I 



„, of the revolution of the 

cutter around the pipe. The cutter la 
pulled around by hand and the hard 
steel wheels cut the pipe as they re- 
volve. Pipe can also be cut on a lathe, 
hack saw outfit, etc., but as this always 
takes so much longer t^?_ P'P? _o""" — 












1 pipe c 



POR. 



PIPB, STEAM, 

see Pipe covering. 

PIPB, 8T0NBWARE, see Sewer pipe. 
460 — PIPB THREADBR.— Threads on 

pipe are cut by three methods, the 
lathe In the machine shop, hand stock 
and dies, and a regular thread cutting 
machine. A hand stock consists of a 
casting which Is large enough to hold 
the various sizes of dies for which It 
Is fitted. Two bars extend In opposite 
directions from this casting and the 
threads are cut by the operator or 
operators pushing on these bars as 
they are revolved around the pipe. The 
dies are made either solid or with four 
sets of teeth to cut the thread ot the 
desired pitch and diameter. In some 
cases the depth of the cut is adjust- 
able. Where large pipe or a large 
quantity ot small pipe la to be threaded, 
a thread cutting machine la very eco- 
nomical and satisfactory. The dies tor 
cutting the threads to the desired pitch 
■ diameter, generally made In four 



ustable. 
. belt o 



: Inte 






for c 



lachlni 



C pipe. 



ally 



466 — P I P E, TOBACCO.— There are 

two kinds of tobacco pipes: those made 
in one piece and those made in two 
piecea, only the bowl ot the latter 
being of terra cotta. 

For the first kind, pure clays or 
fire clays which burn to a white color 



rely b 



This cla! 



lolded . 



mall 



d then burned eltherln amall 
square or round_ up-draft 
■as g era, ( 



round up-d: 
n muffle lilli 



Pitot 
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Plasticity 



In pipes made of two pieces, the 
bowl is made of a plastic ferruerinous 
clay, similar to that used for making: 
line red pavlngr tile. The bowls are 
shaped by throwing: on wheels and 




Tobac<»o Pipe Mold. 



finished by turnlnfir. The part for flx- 
ingr the plpestem in, is then stuck on, 
having* been turned separately. These 
pipes are burned in sagrgrers. 

On account of the dexterity required 
for making: tobacco pipes, their manu- 
facture is localized in places where 
the craft is practiced from childhood, 
as in Eng:land. 

46eA — PITOT TUBE. — A pitot tube is 
the bent tube or pipe that is inserted 
in a flue or stack for ascertaining: the 
draft. This tube is usually placed in 
a vertical position with its lower end 
bent in the direction of the flow of 
the grases. This flow creates a partial 
vacuum in the tube which is trans- 
mitted to a manometer by means of a 
tube or pipe, so that the draft can be 
read by the variation in the level of 
the liquid of the manometer. 

467— PliABTBR, MACHINE!. — ^A planer 
in a machine shop is a machine for 
cutting: or dressing: flat surfaces of 
metal, in which the metal to be worked 
on reciprocates beneath a stationary 
tool. It is the opposite of a shaper, 
but is built to take care of larg:er work 
than a shaper. The reciprocating: bed 
runs perfectly level and the work is 
fastened to it. The cutting: tool is 
fastened to a yoke which spans over 
the bed midway of the extremes of 
its travel. The speed and leng:th of 
the travel are adjustable. The tool 
cuts only as the bed g:oes forward, 
and the speed of the return motion is 
much faster than of the forward mo- 
tion. The tool can be made to feed 
vertically and sideways automatically, 
and in some cases it is g:ood to replace 
the tool by a g:rinding: wheel driven 
by a motor. See Grinding: wheels. The 
cutting: tools are made of tool steel 
shapeato make the type of cut desired. 
Planers are suited for finishing: any 
flat surface of metal, and g:rooves or 
offsets in a fiat surface. (See also 
Shaper.) 

468 — PLANBR. SHALE. — A shale 
planer is a machine which makes a 
vertical cut from the face of a deposit. 
It was originally designed for use on 
shale, but is equally serviceable for 
any clay. Many deposits vary in com- 
position from top to bottom, and at 
times this variation is serious enough 
to threaten the success of the plant. 
To insure a uniform x^n of clay under 
these circumstances, the shale planer 
has been designed. It consists of a 
frame which stands as high as it is 
desired to make the cut. One or more 
chains to which cutting knives are 
fastened, are pulled up or down along 
the face of the deposit. The cutting 
knives cut or scrape the clay or shale. 
The clay or shale is loaded into cars 
and run to the plant. The entire ma- 
chine is mounted on a track of very 
wide gage so that it can move along 
the face of the deposit. Another big 
advantage gained by this machine is 
that the clay or shale is powdered 
before it reaches the dry pans or other 
preparing machines, thus reducing the 
power required. The amount of power 
used up to the pug-mill or other mix- 
ing machinery is considerably less with 
a shale planer and grinding machinery 
than with a power shovel and similar 
machinery. (See also Digging Machin- 
ery.) 

MANUFACTURER (see catalog sec- 
tion): 
Eagle Iron Works. 

MANUFACTURERS' ANNOUNCE- 
MENTS : 

Eagle Iron Works, Des Moines, 
Iowa, manufacturers of a shale 
planer which consists of a mas- 
sive steel foundation supported 
on parallel rails, on which it 
moves forward under control of 



the operator, after each semi- 
circular or partially semi-cir- 
cular cut on the shale bank has 
been made. The swinging tower 
or frame and base carries the 
cutting chain and operating ma- 
chinery, the shale being cut 
downward and conveyed into a 
receiving hopper with lifting 
gate in end to discharge into 
car or on to conveyor belt for 
transportation to the crushing 
plant. The member supporting 
the cutting chain being on an 
incline and swinging on a semi- 
. circle leaves a bank, as the re- 
sult of these two motions, which 
is in the highest degree self 
supporting and exposes a min- 
imum surface to the disintegrat- 
ing effects of the elements. The 
advantages of the Shale Planer 
method of gathering clay are 
now fairly well understood, but 
will bear repeating and are as 
follows: (1) A complete mixture 
of the different strata, which in- 
sures a uniform product and 
uniform treatment of the mate- 
rial excavated. (2) The complete 
elimination of the powder bill 
for blasting and the danger to 
life and damage to property from 
the use of explosives. (3) De- 
livery of the material to the 
crusher In small particles, there- 
by reducing the amount of work 
for the crushers to the extent 
that the power saved will operate 
the Shale Planer, or omitting 
the necessity of installing Jaw 
Crushers preliminary to the de- 
livery of the material to the 
Dry Pan Crushers in very hard 
shale. (4) Economy of opera- 
tion as compared to other me- 
chanical means of gathering clay, 
and a correspondingly larger 
saving over hand gathering 
methods as compared to other 
mechanical means. 

469— PLASTER MOLD. — ^Used by pot- 
ters in the manufacture of terra cotta 
and other products (see Terra Cotta, 
manufacture of). 

470— P LA8TER OF PARI 8<— A 

hydrated sulphate of calcium, which, 
when dried at 110 or 120 deg. C, loses 
a portion of its water; at 200 deg. C. 
all water is lost. Plaster of parls is 
made by burning gypsum in a "kettle" 
in such a way that the fuel does not 
come in contact with it, otherwise the 
sulphite is formed. The temperature 
should not exceed 130 to 140 deg. C. 
At 200 deg. C. the plaster is said to 
be dead burned, and is useless for mold 
making, as its power of setting to a 
hard mass is impaired by this tem- 
perature. Plaster is made into a paste 
with water. It readily sets to a hard 
mass owing to its dehydration. 

471 — PLASTICirY.—PlasticIty is the 
characteristic of clays which enables 
them, when mixed with water, to be 
molded into the innumerable shapes 
and sizes of modern clay wares. The 
cause of this valuable property in clays 
is not fully known. Numerous theories 
have been advanced by different au- 
thorities, but there is to date no 
definite evidence that any one of these 
theories is wholly correct in itself. 

For exposition of water-of-hydration 
theory, see, among others, Vogt, Bull, 
d. 1. Soc. d'encour. I'ind. nat., 1897, p. 
633. For examples bearing against 
water-of-hydratlon theory, see among 
others. Ries, Md. Geol. Surv., IV, p. 
248. 1902. 

For information concerning texture 
theory, see Mechanical Analysis of 
Soils, Dept. of Agric, Bur. of Soils, 
Bull. 4, p. 15, 1896; also Wheeler, Mo. 
Geol. Surv., XI, p. 102, 1896; also Orton. 
Brick, Vol. XIV, p. 216; also Bayer and 
Williams, Iowa Geol. Surv., XIV, p. 86, 
1904; also Linder, Tonindustrle-Zeit- 
ung, XXXVI, p. 382. 

The plate theory of plasticity is dis- 
cussed by Johnson and Blake, Amer. 
Jour. Sci. (2), p. 351, 1876; by Cook, N. 
J. Geol. Surv., Report on Clays, 1878, 
p. 287: by Haworth, Mo. Geol. Surv., 
Vol. XI, p. 104, 1896; by Wheeler, same 
volume, p. 106, 1896. 

The interlocking-grain theory was 
probably first suggested by Olchewsky, 
and later augmented by two other 
Russian investigators, U. Aleksiejew 
and P. A. Cremiatschenski, but is gen- 
erally disputed in this country. 

For comment on ball theory, see 
Ries, Clays — Occurrences, Properties, 
Uses, p. 124, 1908 ed.; also Wolf, 
Tonindus.-Zeit., XXX, p. 41, 1906, and 



Rohland, Sprechsaal, XXXIX, p. 768, 
1906. 

Among others, the colloid theory has 
been treated by Way, Royal Agn^ic. Soc. 
Jour., XI, 1860, and quoted by Cush- 
man. Trans. Amer. (;eram. Soc, VL, 
p. 7, 1906; by Van Bemmelen, quoted 
by Cushman, Jour. Amer. Chem. Soc, 
XXV, No. 6. May, 1903; by Graham, 
Phil. Trans., p. 183, 1861; by Iowa Geol. 
Surv., XIV, p. 90, 1904; by Schlossihg, 
Comp. rend.. 1874, LXXIX, pp. 376-473; 
by Kasai, Die Wasserhaltigen Alumi- 
num Sllikate; Diss Munchen, 1896; by 
Rohland, Zeitschrift fur anorganische 
Chemie, Vol. XXXI, Pt. I, 168, 1902; 
by Van der Bellen, Chem. Zeit., XXXVI, 
1903; by Lucas, Geol. Centrabl. f. Min., 
Geol. u. Pal., No. 2, p. 33, 1906; by Arons 
and Bischof, Dammer. Chem. Tech.. I; 
Notizbl, IX, p. 167; by Soger, Tonindus- 
trie-Zeitung, p. 37, 1877; by Ries, Md. 
Geol. Surv., Vol. IV, p. 251; by Cush- 
man, Jour. Amer. Chem. Soc, XXX. p. 
5; by Cushman, Trans Amer Coram. 
Soc, VI, p. 7, 1904; by Ries, same vol- 
ume, p. 44, 1904, and by Grout, W. Va. 
Geol. Surv., Ill, 1906. 

The writers inclined toward the 
molecular-attraction theories of plas- 
ticity include Ladd, Ga. Geol. Surv., 
Bull. 6a, p. 29, 1898; Whitney, U. S. 
Dept. of Agric, Bull. No. 4; also 
Briggs, Bull. 10, 1897; Cushman, Bull. 
U. S. Dept. of Agric, p. 92, 1905; Mel- 
lor. Trans, Eng. Ceram, Soc, V, Pt. I, 
p. 72, 1906-6; Grout, W. Va. Geol. Surv., 
III. p. 54. 1906. 

The conclusions of Ries (see Clays: 
Occurrences, Properties, Uses. p. 129, 
1908) are that the examination of any 
extensive series of clays hardly seems 
to bear out the theory that any of the 
causes of plasticity suggested above is 
the sole one, but rather that plasticity 
is dependent on a combination of them. 

The effect of bacteria on plasticity is 
discussed by Stover, Trans. Amer. 
Ceram. Soc, IV, p. 185, 1902; also see 
W. Va. Geol. Surv., Ill, p. 47, 1906. 

Weathering clay also often increases 
its plasticity, but this may be due to 
several causes, such as mechanical 
disintegration of the mass by frost, 
water soaking, the oxidation of or- 
ganic matter, or to the production of 
colloids by hydrolysis or bacterial 
action. 



472 — PLASTICITY, MEASUREMENT 

OP. — The test pieces shall be of the 
same size and shape and made in the 
same manner as defined in articles 1, 
2 and 3 of the standard test for shrink- 
age. (See Shrinkage.) 

The edges and corners of three test 
pieces shall be rubbed lightly with the 
finger to prevent loss in handling. 
They shall then be weighed on a bal- 
ance to an accuracy of 0.1 gram. 

After the plastic weight is obtained 
the test pieces shall be allowed to dry 
at room temperature until air dry. 
They shall then be dried between 64 
deg. C. and 76 deg. C. for at least five 
hours and finally at 110 deg. C. until 
approximately constant In weight. 

The dried test pieces shall be cooled 
to room temperature in a desiccator 
and then weighed with the same ac- 
curacy as before. 

The water of plasticity shall be cal- 
culated as a percentage of the weight 
of the dry clay bar, by the following- 
formula: 

Wp — Wd 

T= xlOO 

Wd 
In which T = per cent, water of plas- 
ticity. 

Wp= weight of the plastic test piece. 

Wd = weight of the dry test piece. 

"Shrinkage Water" is defined as that 
portion of the water of plasticity 
which is driven off up to the point 
where shrinkage ceases. "Pore Wa- 
ter" is defined as that portion of the 
water of plasticity which is driven off 
from the point where constant weight 
at 100 deg. C. Thus shrinkage water 
plus pore water equals the water of 
plasticity. 

The data necessary for the calcula- 
tions here involved are the plastic 
volume and the dry volume, as deter- 
mined in the Method for Drying: 
Shrinkage, and the dry weight and 
water of plasticity as determined in 
the Method for Water of Plasticity. 

The following formula shall be used 
to determine Shrinkage Water: 

Vp — Vd 

Ti= XlOO 

Wd 
in which Ti=the per cent, shrinkagre 
water. 
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Vt=the plastic volume. 
V4=the dry volume. 
Wd=tho dry weight. 
The followtDB- formula shall be uH«d 
to determine Pore Water. 

t,=T— Ti 
In which tt=tlie per cent, pore water. 
T=the per cent, water of plasticity. 






PLBISTOCBNE, s 



4TS — PLOW. — The plowfp used by clay 
products plants are similar tr> i-nari 

Slows, as the regular [arm plow 
eavy r ■• ™ -'•- 






■, ClBJ 



lUBh. 

the overburden or surface 
ciay. Kven some shales are soft 
enough to be plowed instead of heing 
blasted. A plow Is usually pulled by 
four horseSi a tractor or a cable con- 
nected to the hoisting engine, (See 
._j ..._ ,_.. ^„j 



4T4 — PLVXOER MACHINB. — A 

plunger machine Is one In which the 
clay Is forced thru the die to form the 

on the principle of a, cam. The feed Is 
necessarily Intermittent. There Is an 
upright chamber In which the clay Is 
tempered and Anally forced thru open- 
ings In the bottom of the chamber Into 
the pressing chamber. Plunger ma- 
chines are usually fitted with two dies, 
one on each side, but at times only one 
Is used. The two dies allow the output 
on one side to be cut Into the desired 
lengths while the plunger is pressing 
ware out of the other die. Stiff mud Is 
almost always used In plunger ma- 
chines. Plunger machines are free 
from the source of great trouble with 
auger machines, 1. e., auger lamina- 
tions. For this reason they are espe- 
cially suited to tender clays which 
show lamination. They are used for 
of stllT-mud products, and 
;rly handled can make bet- 



all Iter 



roperJy handled can make ,., 

, StlffVmud'brlcit 'machTnery; Die, 

MANUFACTURER (see catalog sec- 

Hadfield-Penfleld Steel Co. 

PNBITMATIC CONVBrOR. see Con- 
veyor, pneumatic. 

4TK— POIDOHBTER. — The poldometer 
1b b machine designed to mix uniform 
proportions of any number of mate- 
_i„i_ I. . — , — 1 ii_„.,.^ jjj (jjg ^i^y 



The piiidom 






the 



. jntlrely automatic 

- -. ^a clay and water In 

exact and uniform proportions, and If 
two clays are used, or a chemical is 
used with the raw material. It gives 
equally uniform results. 



In the better makes, the poldometer 
Is self-contained and mounted on a 
substantial steel frame <a8 Illustrated). 
The weighing mechanism is equipped 
with dust-proof ball-bearings. The 
cast-iron hopper Is so arranged that 
the belt In passing under It pulls the 
material out, instead of permitting the 
hopper to split the material on the 
belt. Two shoes, one on each side of 
the hopper, are set at an angle to 
cause the materials bandied to be de- 
livered onto the belt In the form of a 

hopper has double knuckle joints and 
la connected to the walking beam by 
means of pivot-jolnts and knife-edges. 
The hopper gate moves on rollers en- 
closed In a special housing, and la 
polished on the inside to prevent any 



material which touches the gate from 
causing friction. The roller under the 
center of the belt (which primarily 
functions by supporting the loaded belt 
and thus causing a compensative me- 
chanical reaction against the scale 
beam) la ball-bearing mounted. 

The method of weighing Is simple. 
The distance between the center of 
the tall pulley and the center of the 
last supporting roller under the hopper 

platform. Consequently, when material 
Is delivered to the belt the weight of 



of the supporting roller, and 
— -■-■on of this Impulse to 



give a predetermined weight pe 
of running belt per minute. 

The general method of operal 
, ..... ■ Bteh operatloi 



By means ot a liquid 
tachment. liquids can be uehvi^icu m 
conjunction with solids. This Is done 
by passing the liquid thru the liquid 



of the drj 



synchronously with the 

. .„ ._ ...3 dry materials over the belt. 
The admixture is then delivered to the 
pug-mill, thus eliminating the pug-mlll 

temper of the clay. 

Self-starting and automatic-stop ar- 
rangements are provided, as Is also 
a productometer which records the 
amount of material the poldometer has 
handled for any given unit of time. 
In addition to the Tabor saved the uni- 
formity of quality and quantity ot 
production is a big Item In favor of 
the use of a machine ot this kind. 

MANUFACTURER (see catalog sec- 

Schafler Engineering ft Equipment 

MANUFACTURERS' ANNOUNCE- 
MENTS : 

Schaffer Engineering & Equipment 
Co.. 2828 Smallman St., Pittsburgh, 
Pa. An automatic pugger. Elimi- 
nates the man with the hose. 



POP VALVE, see Safety valve. 

4TS — PORCELAIN'. — Pottery made 



celaln fluxed by feldspar Is called spar 
china, while that fluxed by calcined 
bones is called bone china. (See also 
Chlnaware; Bone China and Electrical 
Porcelain.) 

MANUFACTURER (see catalog aec- 

Engelhard. Chas., Inc. 



47^-PORCELAlN FOR MECHAN- 



ICAL PURPOSES.— The hardi 
porcelain and Iti 
ing permit it. I 






grade of porcelain Is made the same 
as Is porcelain for electrical purposes 
(see Electrical Porcelain). After being 
molded the stiffened body Is repressed 
In hydraulic presses. The burned ware 

or black diamond, the only materials 
available whose hardness exceeds that 



ciay and alkaline or partly calcareous 
fluxes. It la usually covered with a 
glaze, the vltrlflcation of which takes 
place at the same time as the burning 
of the body, at a temperature o( 1,300 
to 1.400 deg. C. (2.372 to 2,652 ArB V )- 
The glaze cannot be scratchort with 
steel." (See also_ChlnawareJ=^=^^»n 



Ar. 



■electrical 



PORCELAIN. HARD. DECORATIOII 

OP, see all entries under Decoration. 

PORCELAIN, ITS RELATION TO 
WHITE WARE, see White ware. Its re- 
lation to porcelain. 

4SO— PORCELAIN. SOFT, DULL.— 
The various kinds of soft porcelain 
may be hard-flrcd without any glaie. 
Just as hard porcelains are. Thus far. 
only French porcelain (see Porcelain. 
soft vitreous. ■'French," "trltted," or 
"Reaumur^') has been used for this 
purpose, and this gives dull ware of 
beautiful appearance. Dull, phosphated 
porcelain is less satisfactory, and has 
been replaced by a special body, which, 
when burned, has a slightly yellowish 
color, with a dull brilliancy, resem- 
bling the beautiful marble from Pares, 
whence came its name "Parian'^ (Be« 

481 P OHCELAIN, SOFT, DULL 

FELDSPATHIC— Small objects, but- 
tons and Imllatlons of pearl and agate 
are made from this material, which 
was Invented about 1S40 by Prosser. 
who used the English porcelain body, 
then simply a mixture of feldspar and 
bone ash, to which plasticity was 
given by the addition of a greasy 
body, which was destroyed when 
burned. 

The body Is formed of feldspar, 
which Is powdered and treated with 
sulphuric acid to separate part of the 
impurities tlron oxide). To the purl- 
fled feldspar Is then added some color- 
ing oxides, or sometimes a little bone 
ash or chalk. Milk or an emulsion of 
casein In a solution of boractc acid la 
next added so as to give the material 
a conBlsteney firm enough for It to be 
molded In a press. Five hundred but- 
tons are molded at one stroke. They 

of paper, which Is used to carry them 
onto a fireproof plate. This Is first 
heated, so that the paper Is burnt up; 
Chen the plate Is put Into a muffle 
where It remains for about 10 minutes. 
It Is then drawn out, the buttons on It 
are taken otl with one stroke of a rake 
and it Is covered with a fresh sheet of 
paper. The muffles are arranged to the 
number of 30 In a rectangular down- 
draft kiln. The burned buttons (all 
Into a series of boxes fastened to a 
pivot, where they finish cooling, and 
from which they are taken out thru 
a movable bottom. They may be deco- 
rated. If required, by chromo-llthog- 
raphy with vltrlfiable colors, or gild- 
ed. Cameos and small cubes (mosaics) 
have also been manufactured by this 

4H1A PORCELAIN, SOFT, SBGBR'S. 

— Seger completely Imitated the Japa- 
nese porcelains from a chemical point 
of view, but In physical properties 
Seger's porcelain Is less translucent, 
less hard, more fragile and of a 
slightly yellowish tint. According to 
Bourry (see Sear I e 'a trans, ed., A 
Treatise on Ceramic Industries, 1911, 
pp. 162-3), the following are the dif- 
ferent compositions of body at which 
Seger stopped: 

Plastic clay 31.0 IS.E lE.S 

Zettlltz kaolin 13.0 

Sennewlts kaolin m.o .... 

Feldspar 30.0 30.0 30.0 

Powdered Hohen- 

backa sand 39.0 36,5 41.E 

The plastic clay contains 81% pure 
clay, 19% sand; the Zettllti kaolin, 
BT% pure ciay, 3% sand; and the 
Sennewilz kaolin, 6S% pure clay, 3R% 

The chemical composition Is approxi- 
mately: Silica, 77 to 77.6%; alumina. 
17 (o 17.5%; lime. 0.30%; magnesia. 
0.20%; potash, 3.75 to 3.80%; soda, 
0.65 to 0.70%. This can be represented 
by the formula 0.38BO, R.O,. 7.7SIOi, 
and Is almost Identical, as to rational 
analysis, with the composition ot Japa- 

The body of Seger porcelain should 
be plastic enough to lend Itself readily 
to molding; like hard i 
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Engelhard, Chas.. Inc. 



) bend Seger Cone 9. This 

porcelain) and its slight hardness, 
places this ware among the soft 
porcelains. 

The glaze corresponds to the for- 

o'Ik^o ' ''-*'*-''°'' ^^'O- 
and Is very similar to that of the Japa- 
nese glaies. The physical composition 
of the glaze may vary an follows: 
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Sand, 27.3 to 21.0%; Zettlitz kaolin, 13 
to 0.0%; Sennewitz kaolin, 0.0 to 
19.2%; feldspar. 42.1%; marble, 17.7%. 

482— PORCTEIiACf, SOFT TITRBOUS, 
«<FaENCH*> «PRITTBD,»» OR "REAU- 
MUR.'* — ^This material, whose manufac- 
ture has not been successfully revived, 
was first made in France, and aban- 
doned shortly after the discovery of 
hard porcelain. It is not really a cera- 
mic product, but a srlass (heated to a 
temperature which, is not sufficient to 
melt it, but enough to grive it a milky 
transparency, and covered with an- 
other soft srlass), tho its use. appear- 
ance and the processes of its manu- 
facture caused it to be classed among: 
pottery. 

48a— PORCBIiA.IN» SOFT VITRBOUS, 
OR NB^^ SBVRBS. — So-called after the 
city in France in which it was discov- 
ered. In 1844, after numerous attempts 
to produce a porcelain that would lend 
itself better to decoration than hard 
porcelain does, and particularly one 
that would give a turquoise blue from 
copper, this ware was discovered. Ac- 
cording: to Lauth and Dutailly, the 
body is composed of: 

1. Frit, the composition of which is 
sand 77 parts, soda 8.5 parts, saltpeter 
16.5 parts, and chalk 18.4 parts. 

2. The composite body is then made 
up of Fontalnebleau sand 49.02 parts, 
frit 27.45 parts, chalk 16.66 parts, and 
plastic clay from Dreux 6.86 parts. 

This body differs from "fritted" or 
"French" porcelain only in a larg:er 
ratio of lime to alkalies, and a sliffhtly 
gnreater amount of alumina and silica 
as compared with the fluxes. The body 
is also sllfi:htly more plastic, but still 
very weak and presents some difilcul- 
ties in moldinar. The first burning: (at 
Se^er Cone 9) is intended to vitrify the 
body, and not, as In hard porcelain, to 
convert it into biscuit. The sag:g:ering: 
is the same as for burning: g:laze<L 
hard porcelain. The g:laze is composed 
of sand 25.52 or 36.15 parts, chalk 8.60 
or 7.43 parts, Cornish stone 65.98 or 
7.43 parts, and feldspar .0 or 57.42 
parts. The Riaze is applied by dust- 
ing or by dipping:. The decoration 
may be underg:laze, stained g:laze, and 
also overg:laze. The temperature of 
the g:lost firing: is low enougrh to 
allow the production of blue from 
copper and of reds from iron. 

484 — ^POROSITY. — The porosity of a 
clay is defined as the ratio between the 
volume of the clay and the open or 
pore space among the clay particles. 
It is thus a ratio of volumes and is ex- 
pressed in percentage of the total vol- 
ume occupied by the clay. On the 
porosity of clays depends largely the 
amount of water to make them plastic. 
Unless completely vitrified, all clays 
are more or less porous. 

Porosity of any body composed of an 
aggregate of particles depends on the 
size and shape of the particles. If the 
particles are all spherical or of the 
same size (as in a mass of shot), 
porosity is at its maximum. But clay 
is made up of multitudes of small min- 
eral particles of multifarious sizes and 
shapes, and, even when clay is in its 
most compacted condition, it is impos- 
sible for all of these particles to be in 
contact with each other at all points. 
For this reason, the smaller particles 
fill in the spaces between the larger 
grains. It is this variation in the 
sizes and shapes of clay particles that 
makes the drying of plastic clays such 
a variable problem. 

Porosity is also a very important 
physical factor in burned clay wares. 

The apparent porosity is determined 
by the following formula: 

in which Prrthe per cent, apparent 
porosity 
Sf=: weight of saturated fired 

test pieces in grams 
Wf = weight of the fired test 

piece in grams 
Vf = volume of the fired test 
piece in c. c. 

In this formula distilled water is the 
liquid used. The same formula can be 
used for determining the porosity of 
unburned clay if the specific gravity 
of the kerosene is taken into account. 

PORTABLB ELBCTRIC DRIIili, see 

Drill, electric portable. 

PORTABIiB PYROMBTBR, see Pyro- 
meter, portable. 

PORTABIiB RAIIiTirAT TRACK, see 

Frogs, rails and switches. 



PORTABIiB SHAFT KBTSBATBR, 

see Keyseater, portable, shaft. 

485— POTTBR'S liATHEw— Is used for 
very precise work In "turning:" and 
decorating certain objects (for descrip- 
tion, see Turning). 

MANUFACrrURBRS (see catalog sec- 
tion): 
International Clay Machinery Co. 
Mueller Machine Co., Inc. 

486— POTTBR'S MOLD FOR FORM- 
ING "WARB^-^ifolds are essential In all 
methods of forming ware, except 
throwing. Clay, alabaster, steel, gun 
metal, and brass have been used for 
making molds. Clay molds, dried and 
hardened In the sun, have not proved 
durable, the surface being readily 
affected by moisture from the clay. 
The difilculty with the others men- 
tioned was that they were non-absorb- 
ent and did not lend themselves to the 
ready reproduction of the clay pieces, 
because they were slow in drying. 
Metal molds, however, are largely used 
in producing fine impressions of raised 
figrures in stoneware and Jasper. 

Plaster of Paris is the material best 
adapted for molds, chiefly because it 
readily takes and rigidly retains the 
exact shape in which It Is formed and 
when dried it is highly absorbent and 
capable of absorbing water from the 
clay. It thus allows the ware to stif- 
fen more readily and to be taken from 
the mold sooner, and consequently fa- 
cilitates reproduction. (See also Plas- 
ter of Paris.) 

Mold Making. 

In the production of molds, a model 
is flrst prepared in clay by the modeler, 
the size of the model being determined 
by the nature of the body or clay in 
which the article is to be produced. 
The model is then centered on a per- 
fectly true revolving disc and sur- 
rounded by what Is known as a cockle, 
which is made of stiff clay, zinc, linole- 
um, or leather. Plaster is then poured 
over the model, and when It is set the 
outside shape is turned true and to a 
deflnite size and shape^ this being 
identical to the Inside shape and size 
of the Jigger head in which the molds 
are to be flxed. The mold rests on a 
set-off on the top of the head and the 
lower part of the mold that flts in the 
head acts as a notch. Care must be 
taken to keep the article perfectly 
centered during this operation, or when 
the cup or saucer is being made; other- 
wise Irregular thicknesses result. The 
flrst mold is called the block mold. 

The outside of this block is well 
sized, the size usually being a strong 
solution of soft soap in boiling water 
with sometimes tallow candles Intro- 
duced. This greasy mixture when ap- 
plied to the surface of the plaster mold 
renders the plaster non-absorbent and 
gives a smoothness to its surface, so 
that when plaster Is poured over it the 
second layer can be readily separated 
from the first. The clay model is then 
taken from the block, and the inside of 
the block mold is thoroly washed and 
well sized at the top. The diameter at 
the top Is extended by applying clay 
to the outside of the mold, which has 
already been perfectly centered. A 
cockle Is then placed around the outer 
edge of the clay, and plaster is poured 
into the mold and allowed to fiow over 
the extended top until It reaches about 
1^ ins, in depth. 

When the plaster is well set it Is 
turned perfectly true at the top and 
sides and afterwards withdrawn from 
the block mold on the upper side. The 
second casing Is called the case mold. 
The extended flange of this is turned 
down, forming a kind of notch, close to 
the outer edge of the block mold. 

After the outside of the block mold 
and the extended flange have been 
sized a cockle is placed on the outer 
edge of the flange and the space is 
fllled in with plaster, which is poured 
in until the height of the block mold is 
reached. The outside of this Is turned 
roughly true after the plaster has set. 
This is called the outer case. The outer 
case gives the corresponding shape of 
the outside of the block mold, and 
when the block mold is removed the 
cavity, after the whole piece has been 
sized, can be again fllled with plaster 
and a replica of the original block 
mold obtained, which replica is called 
the working mold. The block mold is 
usually preserved, so that if a case 
mold breaks or wears away the case 
mold can be renewed. 

487 — POTTER'S WHBEL. — A manual- 
ly operated device resembling a pot- 

96 



ter*s Jolly or Jig. and used for the 
same purpose. (See also Jiggering and 
Jollying.) 

MANUFACTURERS (see catalog sec- 
tion): 
International Clay Machinery Co. 
Mueller Machine Co., Inc. 

488— POTTBRT, CliASSIFICATION 

OF. — Earthenware Includes all classes 
of opaque and nonvltreous pottery, 
from the crudest product to wares 
closely allied to china. China and por- 
celain Include ware of dense, vitreous, 
and translucent body. They are classi- 
fied as follows: 

A. Natural body. 

Under this division comes (1) com- 
mon earthenware or crockery, covered 
with lead glazes or soft tin enamels; 
and (2) stoneware, which may be salt- 
glazed or lead-glazed — the latter in- 
cluding such products as yellow ware, 
Rockingham ware. Jet ware, and 
samian ware. 

B. Compounded body. 

This class embraces (1) ware of 
porous, nonvltreous body, such as 
cream-colored (or C. C.) ware, and 
white ware: and (2) ware of dense 
vitreous, and translucent body, such 
as (a) feldspar porcelain, produced by 
high biscuit and low glost fire; (b) 
feldspar porcelain produced by low 
biscuit and high glost fire; and (c) 
bone china, produced by high biscuit 
and low glost fire. 

Also see the following specific 
classes: Earthenware; Crockery ware; 
Stoneware; Yellow ware or rocklngham 
ware; Jet ware; Samian ware; C. C. 
ware; Queen's ware, ironstone china, 
and white granite ware; White earthen- 
ware; Majolica and faience; Belleek; 
Parian-ware; Chlnaware and Porce- 
lain. 

POTTERY OOIiORING MATBRIAI.S. 

see Decorative coloring materials. 

489— POTTERY DECORATION. — See 

the following specific items: Printing; 
Decalcomania, chromo, or litho trans- 
fer work; Ground laying; Ground lay- 
ing, wet-process; Decoration, air- 
brush; Lining; Gilding; Incrustation, 
Sotterv; Hand painting; Stamping; 
pong:ing; and Staining. 

490— POTTERY FOR ^WATER AlfD 
FIIiTERS* — Pottery is made in all 
southern countries for cooling liquids. 
On account of Its porosity, tne liquid 
oozes out on to the surface, and If 
carefully put in a current of air, a 
quick ' evaporation takes place, which 
lowers the temperature from about 41 
to 43 deg. F. (5 to 6 deg. C). Such 
pottery is also used In filters. The 
body is the same as for ordinary ware, 
but special methods are used to render 
It more porous. If the clay used is 
sufllciently plastic, sand or, better, 

frog or .burned clay may be added, 
ometlmes salt is added. In the low 
temperature at which this pottery is 
burned the salt remains undecomposed, 
and is afterwards dissolved out by put- 
ting the pottery in water. 

The same porous body can be em- 
ployed as a filter for clarifying liquid, 
particularly water. For this purpose, 
white, china clay bodies, similar to 
porcelain, have been used. Their man- 
ufacture presents no special difficul- 
ties, being about the same as that used 
in making terra cotta lumber, except 
the combustible materials added must 
be reduced to a powder, or the air 
holes produced would permit the water 
to run out, rather than ooze out, of the 
ware. 

POTTERY, HISTORY OF, see Cera- 
mics, history of. 

POTTERY MANGfiB, see Man8:le, 
dipper's. 

POTTERY, MANUFACTURE OF. — 

For details of preparation of clay for 
pottery ware see Clays, preparing and 
weathering; Grinding; W a s h 1 n |[ 
trough: Blunger; Filter press; and 
Ball Mill. For steps in tempering see 
Chaser mill; Pug-mill; Hand-wedg:- 
ing: and Wedging table. For molding 
processes see Throwing; Jiggering and 
jollying; Pressing; and Casting. Also 
see Dryer, pottery; Kiln, biscuit and 
glost; Dipping; and Pottery decoration. 

491 — POTTERY, MATERIALS USED 
IN MANUFACTURE. — The following 
clays and chemicals are used in the 
manufacture of pottery; Ball clay, 
barium carbonate, baryta, bauxite, 
feldspar, Cornwall stone, fire clay, flint, 
silica, sand, fluorspar, kaolin, china 
clay, lime, magnesite, manganese ox- 
ides, plaster of Paris, slip clays, soda 
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ash, Sagrsrer clays, talc, whltine^. In 
addition thereto srlaze and enamel sup- 
plies and body materials of various 
types are also required. (See each 
entry. The various clays are described 
in the subdivisions under Clay.) 

4ft2— POTTBKT, M B T H O D S OF 
FORMING. — The prepared clay may be 
formed into articles of ware by any 
one of the following: methods (each of 
which is described under its specific 
name): (1) Throwingr; (2) Turninsr; 
(3) Hollow ware presslngr; (4) Potters 
molds (hand molding) for forming 
ware; (5) Flat ware pressing ; (6) Jol- 
lying; (7) Jiggering; (8) Casting; (9) 
Compression, etc. 

In this country earthenware articles 
are not made by throwing, while china- 
ware articles are partly formed by 
throwing, both in England and in this 
country. Cups and other articles after 
being made by machinery are fre- 
quently finished by turning here. In 
England many china and earthenware 
articles are formed by throwing and 
completed by turning. 

492A. — POTTERY MOIiDING MA- 
CHINE, SEMI-A.UTOMiLTIO.— It has 

taken years of careful study by expert 
mechanical engineers to produce a 
Semi-Automatic Pottery Molding Ma- 
chine that wduld meet the requirements 
of potteries manufacturing many types 
of plain ware. These machines passed 
thru the experimental stage fourteen 
years ago, and are today being used 
with most satisfactory results in the 
manufacture of fiower pots, crucibles, 
insulators, corroding pots, stoneware, 
carboy stoppers, sleeves, nozzles, run- 
ner brick, saggars, and numerous other 
articles in plain pottery. 

The operation of these machines is 
entirely different from the old type 
press, which simply pounded the clay 
into the mold, a method that was both 
slow and very unsatisfactory, and it 
will also make better ware at a rate 
nearly ten times as fast as the Jigger 
or potter's wheel. The clay is spun 
and spread in the mold under heavy 
pressure with the result that it is 
evenly distributed, and when ejected, 
the ware is smooth, true and uniform 
thruout. 

MANUFACTURER (see catalog sec- 
tion): 
Baird Machine & Mfg. Co. 

4ft8— POTITDER, BliASTINGw— An ex- 
plosive used very frequently in blast- 
ing operations in a clay pit, or mine. 
It does not have the disruptive force 
of an equal amount of dynamite, as it 
burns more slowly, but is to be pre- 
ferred for some uses. It is a solid and 
is made in various sizes of grains. Its 
chemical composition varies somewhat, 
but saltpeter, charcoal and sulphur are 
some of its principal ingredients. Its 



the other hand it is possible that fis- 
sures will be opened up around the 
hole that will tend to destroy the full 
effect of the explosive. The advisabil- 
ity of this practice, therefore, should 
be fully investigated in every instance. 
In mining or digging clay or shale the 
use of explosives is necessary unless 
the material is very soft or a power 
shovel or other digging machinery is 
used that is heavy enough to handle 
the material as it lays. Even in those 
eases the use of explosives often as- 
sists to such an extent that its use 
shows good economy. 

POWER SHOVS^Ii, see Shovel, power. 

4IM — POTITER TRANSMISSION EaUIP- 
MBNT. — ^The many appliances, attach- 
ments, and pieces of equipment used 
to transmit power are classed under 
this item. A complete index can be 
found in the Departmental index. 

MANUFACTURERS (see catalog sec- 
tion): 
Caldwell Co., W. E. 
Oandy Belting Co. 
Hadfield-Penfield Steel Co. 
International Clay Machinery Co. 
Link-Belt Company. 
Philadelphia Drying Machinery Co. 
Toronto Foundry & Machine Co. 
Webster Mfg. Co. 
Weller Manufacturing Co. 

PRE-DBVONIAN, see Geological 
ages. 

496— PREHEATING CIjAT. — ^Preheat- 
ing, where it is practical, serves as a 
preliminary step to drying, the object 
being to make the plastic clay mass 
more porous and permit the moisture it 
contains to escape at the surface, thus 
insuring uniform, safe drying. 

The process of preheating is based 
upon the colloid theory, now generally 
accepted by clay technicists, which as- 
sumes that clay contains a great num- 
ber of cells or sacs which absorb water 
thru their walls, swell and close up 
the interstitial pore spaces. This stops 
any fiow of water to the surface of 
the ware being dried and consequently 
results in cracking of the surface to 
relieve the strain. The air gets into 
these cracks and continues the drying 
process which at the same time en- 
larges the cracks. 

The object of preheating is to intro- 
duce the clay to a temperature that 
bursts the sacs and sets free the in- 
cluded water, driving it off, and at the 
same time destroying the structure of 
the sac, so that it can not take up 
water and hold it except by surface 
tension, nor can the colloids swell up 
and close the pores of the clay. 

The value of preheating depends 
upon whether the work can be done 




Method of Creating a Pocket for Blasting by Powder. 



explosive or disruptive force is depend- 
ent on the fact that it contains suffi- 
cient oxygen to unite with the other 
lnerz*edients when igmited, to form 
gSLSBB that occupy 1,000 or 1,500 times 
as much space as the powder before 
iernition. Blasting powder may be 
iernited by an electric cap or by a 
reerular fuse and detonating cap. At 
times a small charge of dynamite is 
placed in a hole in order to spring it. 
No tamping is used and the theory is 
that by creating a pocket, the explo- 
sive that is used when the hole is finally 
shot, whether dynamite, powder or a 
mixture of the two is used, will be 
more concentrated and therefore a 
smaller charge will be required. On 



within the specific temperature ranges 
required to make the preheating safe 
and uniform thruout the clay mass. 
Clays differ greatly in the degree of 
preheating required, the variation 
ranging approximately from 440 deg. 
F. to 810 deg. F. 

PRESS, FIIjTERy see Filter press. 

406 — ^PRESSING. — In the pottery in- 
dustry, this term applies to the mold- 
ing of ewers and vessels of oval or 
elliptical section by means of sectional 
molds, consisting of t^^ q^. three 
pieces, the inner surfaoa "* the mold 
conforming to the out>'J^ "^ -Vire a-^* 
design of the object t^ v 8^^ t;iAd. A. 
slab of clay is placed * \i^ Xf^^^^Moi^ 



being carefully pressed in, the mold 
is then put together, and all seams are 
smoothed out with a wet sponge. After 
drying for a few hours, the sections of 
the mold are removed. Clocks, lamps. 
water pitchers, and similar articles 
are molded in this manner. 

MANUFACTURERS OF EQXnPMENT 

(see catalog section): 
Hadfield-Penfield Steel Co. 
Mueller Machine Co.i Inc. 

PRESS, SEWER PIPE, see Steam 

press. 

PRESS, STEAM, see Steam press. 

PRESSURE GAGE, see Gage, pres- 
sure. 

PRESSURE REGUIiATOR, see Regu- 
lator, pressure. 

497— PRINTING, POTTERY.— A proc- 
ess almost identical with the copper- 
plate process of bank-note printing. 
The design is cut on copper or steel 
plate. The color (it must be a metal- 
lic color) is mixed with the proper me- 
dium and is then worked into the en- 
graved plate. The surplus is cleared 
off by means of a printer's knife and 
boss. The printing is done on an es- 
pecially prepared paper, and this pa- 
per, while the print is still moist and 
gummy, is transferred to the ware to 
be decorated and well rubbed on. The 
printer has assistants, the first being 
the cutter, who, after she receives the 
paper, cuts it into pieces according to 
the design. It is then handed to the 
transferer, who places it in its proper 
position on the article to be decorated. 
The ware is then passed to the rub- 
ber, who, by means of a piece of fian-. 
nel and a little soft soap, rubs the 
transfer tightly against the ware. The 
ware is allowed to stand for a short 
time, when it is placed in a bath of 
water and the paper fioats off, leaving 
the imprint upon the surface of the 
ware. This process is sometimes done 
upon biscuit ware before glazing and 
the product Is known as underglaze 
printed ware, in which case it must 
go thru a hardening-on kiln to burn 
out the fatty oils from the print; in 
other cases it is done upon the glaxe, 
and, like other decorations, must be 
again put thru the decorating kiln to 
be burned into the glaze. (See also 
Oil, printer's.) 

4118— PRODUCER GAS. — ^P r o d U c e r 

gas is made from the ordinary grades 
of coals in a gas producer (see Gas 
producer); it has a heat value of 140 
to 160 B. t. u.'s per cu. ft., which is 
about one-sixth of that of natural gas. 
It is used for practically all kinds of 
fuel purposes as well as for power. 
In the burning of lime or clay, it can 
yield a uniform quality of product, 
avoiding the irregularities of over- 
burning in one portion while under- 
burning in another portion of the kiln. 
The chief chemical constituents of pro- 
ducer gas are nitrogen, carbon monox- 
ide and hydrogen; a very small per- 
centage of oxygen and carbon dioxide 
is generated when anthracite or coke 
is used, and when bituminous coal is 
used, a sprinkling of methane and il- 
luminants is also found. 

MANUFACTURER OF PRODUCERS 

(see catalog section): 
International Clay Machinery Co. 

PRODUCER, GAS, see Gas producer, 
er. 

490^-PUG-MII<Ii. — Consists of a hol- 
low metal cylinder, placed either hori- 
zontally or vertically, with a shaft 
running thru its center, from end to 
end, equipped with blades or "knives" 
arranged like the thread of a screw. 
The action is such that the revolving 
blades cut, masticate and wedge the 
clay into a perfectly homogeneous 
mass, and deliver it, thru the worm 
pushout, similar to a worm conveyor, 
in a uniform condition, in most cases 
free from laminations. 

Pug-mills form a necessary part of 
the clayworking equipment, both in 
clay products plants and earthenware 
potteries. In the pottery industry the 
various types of pug-mills have rated 
capacities of 3,000 to 6,000 lbs. per 
hour; in brick plants, etc., the various 
types have capacities ranging from 
3,500 to 15,000 brick per hour, and in 
some cases more. 

Until recently, pug-mills were built 
entirely too light for the heavy duty 
required of them, and, where an old 
type is still In operation, troubles are 
often constantly arising from this 
source. Generally, the trouble is to 
be found in the gears and intermediate 
shaft. Gear trouble can be remedied 
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only by replacing: the cast-iron types 
with cast- or cut-steel grears. When 
the intermediate shaft often breaks, a 
shaft of largrer diameter, or if that is 
impossible, one of special steel, should 
be substituted. In any case, an extra 
shaft should always be on hand with 
keyways cut and ready for an emer- 
grency. Most pugr-mills are set on a 
platform and thus subjected to con- 
siderable vibration; this tends to loosen 
bolts and destroy bearingrs. The use 
of spring: washers under the nuts will 
reduce the bolt trouble, but the pugr- 
mill should be examined daily to pre- 
vent accidents. 

MANUFACTURERS (see catalog: sec- 
tion): 

Baird Machine & Mfgr. Co. 
Bonnot Co. 
Preese, E. M. & Co. 
Hadfleld-Penfield Steel Co. 
International Clay Machinery Co. 
Mueller Machine Co., Inc. 
Steele, J. C. & Sons. 
Stevenson Co. 
Toronto Foundry & Machine Co. 

MANUFACTURERS' ANNOUNCE- 
MENTS : 

Freese & Co., E. M., Gallon, Ohio. 
Adjustable pug: knife sockets — 
a socket constructed to receive 
a round shanked pug: knife, 
allowing: the knife to be set at 
any desired ang:le. 

Mueller Machine Co., Inc., 21-23-25 
Ward Ave., Trenton, N. J. Ex- 
ceptional machine for puKg:ing: 
clays for 8ag:g:ars and other pur- 
poses. Double mixing: shafts 
assure thoro kneading: of the 
material before it enters the 
pug:g:ing: worm. 

International Clay Machinery Com- 
pany, Dayton, Ohio. New line of 
sing:le g:eared pug: mills; ring: oil 
bearing:s including: ring: oil ma- 
rine thrust. Round steel shaft 
with inserted cleaver type knives 
easily adjustable. See our pag:es 
in catalog: section. 

50<^— PULLKY. — ^A pulley is a wheel 
which fits concentrically on a shaft 
and has a wide surface on its perimeter 
or outside circumference. A tig:ht pul- 
ley is one that is fastened to the shaft 
by a key, set screw or other attach- 
ment, and a loose pulley is one that 
revolves loosely around the shaft. 

A clutch pulley is a loose pulley that 
becomes fastened to the clutch, when 
the clutch is thrown in, and drives 
the machine by that form of contact. 

A belt operates on the perimeter or 
surface of a pulley and each pulley can 
be either a drive pulley or driven 
pulley, depending- upon the function 
of the shaft upon which it is placed. 
This perimeter is "crowned," that is, 
the diameter at the center of the 
pulley is sllgrhtly larger than at either 
edge. This is done In order to make 
the belt travel true and not run off 
one side or other of the pulley. Pulleys 
are usuallv made of iron or wood. 
Those of Iron are made of all cast 
iron, or all sheet steel, or a combina- 
tion of the two, under which circum- 
stance the hub and spokes are of cast 
iron and the perimeter or wide surface 
on the circumference of sheet steel. 
Some are made of all wood and there 
are also some made with Iron hub and 
spokes and wooden perimeter. A split- 
pulley is one that can be taken apart 
so that it can be put on at any place 
on a shaft without disturbing any of 
the other pulleys or bearings. 

MANUFACTURERS (see catalog sec- 
tion): 

Caldwell Co., W. E. 

Freese, E. M. & Co. 

Hadfleld-Penfleld Steel Co. 

International Clay Machinery Co. 

Link-Belt Company. 

Toronto Foundry & Machine Co. 

Weller Manufacturing Co. 

SOI— PULLBY, SPBCIAIi, SLOTTED. 

— In conveying or elevating any plastic 
material by means of a belt, there is 
always some of the material that gets 
on the Inside of the belt. Being plastic, 
this material packs on the pulley if an 
ordinary pulley is used. This results 
in practically making a new crown 
on the pulley and the belt as a con- 
sequence tends to travel to one side. 
Guide pulleys cannot keep it In line 
and the edges wear off in a short time. 
To overcome this trouble slotted pul- 



leys are used. These are usually made 
with cast-iron hub and spokes. In 
place of a solid rim as in an ordinary 
pulley, each spoke has a plate fastened 
to It which fits crosswise of the pulley. 
The length of this plate is the same as 
the width of a solid rim would be, 
and the width of the plate is about 
an inch or two. As these plates on 
the spokes are several inches apart, 
any plastic material which gets on 
the inside of the belt passes between 
them and does not cause any trouble 
(see also Conveyor, belt; Elevator). 
There are other types of special pul- 
leys made to decrease the amount of 
slippage between the belt and the pul- 
ley. These consist of inserts of cork 
or soft composition placed in the perim- 
eter of the pulley to increase the grip 
that the belt has on the pulley. 

MANUFACTURERS (see catalog sec- 
tion): 

Bonnot Co. 

Freese, E. M. & Co. 

Hadfleld-Penfleld Steel Co. 

International Clay Machinery Co. 

Link-Belt Company. 

Toronto Foundry & Machine Co. 

Weller Manufacturing Co. 

Williams Patent Crusher & Pul- 
verizer Co. 

MANUFACTURERS' ANNOUNCE- 
MENTS : 

Williams Patent Crusher & Pulver- 
izer Co., St. Louis, Mo. Manufac- 
turers of the Williams Patented 
Never Slip Pulley. 

PULSOHErrER, — A trade name for 
one make of pump described under the 
heading Pump, steam, without piston 
or plunger. 

S02 — PULVERIZER. — Any machine 
that is used to break up the clay Into 
smaller particles can be called a pul- 
verizer. The different types are de- 
scribed under speciflc headings. See 
therefore, Pan, all items; Crusher, all 
Items; Disintegrator and Pulverizer, 
roll-hammer and swing-hammer. 

MANUFACTURERS (see catalog sec- 
tion): 

Bonnot Co. 

Gruendler Patent Crusher & Pul- 
verizer Co. 

Hadfleld-Penfield Steel Co. 

International Clay Machinery Co. 

Williams Patent Crusher & Pul- 
verizer Co. 

MANUFACTURERS' ANNOUNCE- 
MENTS : 

Bonnot Co., Canton, Ohio. The Bon- 
not pulverizer — complete grind- 
ing and air separation In one 
mill, discharging a finished prod- 
uct of any necessary fineness. 

503 — PULVERIZER, ROLL HAMMER 
AND SW^ING HAMMER. — These ma- 
chines operate on the principle of re- 
ducing the material (which is fed to 
them in lumps of 3-in. sizes or less) 
by striking it while In suspension, as 
opposed to the attrition mills which 
mash or roll the substances between 
two more or less hard surfaces. 

The roll hammer pulverizer has a 
heavy cast-iron or steel supporting 
base which houses a revolving shaft. 
Six hammers (resembling so many iron 
rolling pins, both in their design and 
grinding action) are suspended from 
steel arms which, in turn, are attached 
to cast-steel discs that are keyed to 
the shaft. Ordinarily, the shaft makes 
1,000 to 1,200 r. p. m. The bottom of 
the crusher Is equipped with sectional 
steel screen plates, curved to suit the 
movement of the hammers. The clear- 
ance between the screen bars may be 
as small as 1/16 In. The distance be- 
tween the hammers and the screen 
plates should be equal to the clearance 
between the screen bars, in order to 
obtain maximum capacity and avoid 
wasting power. 

The pulverizing action is twofold. 
The material enters at the top of the 
machine and is struck a tremendous 
blow by the revolving hammers, and 
that material which is not instantly 
pulverized is projected against chilled 
impact or breaker plates located at 
the top and back of the machine. The 
partially reduced material then falls 
down and passes over the cage of 
screen bars, where it is further ground 
between the hammers and the bars 
until it is sufficiently fine to pass thru 
the screen. 

98 



The arrangement of shafting and 
bearings generally permits the machine 
to be driven from any available source 
of power. 

The swing hammer operates aitd is 
constructed on practically the same 
principle, except the rolls are elimi- 
nated and replaced by a series of 
swinging hammers, say 30 in number, 
revolving with the movement of the 
shaft. 

The capacity of roll hammer and 
swing hammer pulverizers depends, 
first, upon the size of the machine, 
and, second, upon the degree of fine- 
ness to which the material is to be 
pulverized. Generally, in handling 
limestone, shale, etc., with H in. clear- 
ance between the screen bars, the out- 
put of the various sized machines will 
range from one ton to 50 tons per 
hour, and require from 16 to 100 h. p. 
to operate. 

MANUFACTURERS (see catalog sec- 
tion): 

American Pulverizer Co. 

Gruendler Patent Crusher & Pul- 
verizer Co. 

Hadfleld-Penfield Steel Co. 

Williams Patent Crusher & Pul- 
verizer Co. 

MANUFACTURERS' ANNOUNCE- 
MENTS: 

Gruendler Patent Crusher & Pul- 
verizer Co., 928 North Main St.. 
St. Louis. Manufacturers of Pul- 
verlzerlng and Crushing Machin- 
ery, Elevators and Conveying 
Machinery, Revolving and Shaker 
Screens. The Steam Jacket at- 
tachment, which is one of the 
latest improvements, prevents 
choke up of wet material — wet 
shale and clay can be taken di- 
rect from bank without any dan- 
ger of clogging the machine. 
This is true In all kinds of 
weather. All parts coming in 
contact with the clay or shale 
are steam heated, which pre- 
vents sticking of wet material. 
Prices and quotations sent on re- 
quest. See our page in catalog 
section. 

Williams Patent Crusher & Pulver- 
izer Co., St. Louis, Mo. Invent- 
ors of the Hinged Hammer and 
Swing Hammer Pulverizer and 
largest exclusive manufacturers 
In the world of this equipment. 

504 — PUMP. — ^A pump is a machine 
by which water or other liquid or gas 
is elevated or conveyed under pressure 
thru pipe, hose or other medium. 
Every plant that has a boiler must 
have a boiler feed pump, which forces 
water into the boiler. The power is 
usually exerted thru a piston which is 
really a small steam engine. Instead 
of a crank as in a steam engine the 
piston rod has another piston on the 
other end which reciprocates in a 
water cylinder. Valves are provided 
for opening and closing at the proper 
time to admit and eject water. These 
valves are usually of hard rubber or 
composition, and are made of two quali- 
ties, one for cold water and one for 
hot water. When using a heater for 
the feed water, the pump takes the 
water from the heater to pump it Into 
the boiler. The power for a boiler- 
feed pump can be exerted by a motor 
or any other means that Is convenient. 
A mine or pit pump Is often of the 
same type and even some deep well 
pumps are built along similar lines^ 
but they are made either to draw the 
water from a considerably lower level 
or to discharge It at a higher level. 
Where large quantities of water are 
to be handled from a pit, it Is well 
to use one of the forms made for that 
service. (See also Pulsometer and 
Ejector.) Force feed oiling systems 
use pumps to force the oil into the 
bearings. These pumps are In the 
form of a plunger, in some makes. 
(See also Injector; Regulator, pressure^ 
and other items under Pump.) 

SOS— P U M P, CENTRIFUGAL^^ — The 

centrifugal pump is designed for a 
large delivery of water at a low or 
moderate lift. It consists of a wheel 
with curved blades which revolves 
rapidly in a metal casing, the water 
being drawn in at the center and dis- 
charged at the circumference, similar 
to the action of a fan In displacing 
air. Centrifugal pumps are not adapted 
for use with long suction pipes, but 
the pump will function when partly 
immersed in the water. A foot-valve 
may be used, but not with the same 
degree of efildency as when the water 
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can flow direct to the pump. The pump 
is made either in a horizontal or ver- 
tical pattern, the horizontal type being: 
apparently the easier to clean. As 
neither type will function unless filled 
with water, it is usually advisable to 
have a small supply tank placed a 
short distance above the pump to 
facilitate starting:. The centrifugral 
pump may be coupled direct to the 
engrlne, direct connected to a motor, 
or belt-driven, as conditions warrant. 
Care should be taken to secure a pump 
that can be easily opened and cleaned 
and the wearing: parts economically 
renewed. 

PUMP, FILTS3R PRESS, see Filter 
press pump. 

506 — ^P U M P, HYDROSTATIC FOR 
BOILBR TB8T mroRK.— All boilers are 
rated to withstand a certain working: 
pressure. The hfg:h heat necessary to 
obtain this pressure causes an expan- 
sion in the metal of the boiler which, 
being: exerted at the seams, rivets and 
joints, tends to assist the ability of 
the boiler to withstand this pressure. 
To counteract any beneficial effect 
caused by the heat, a cold water or 
hydrostatic pressure is resorted to and 
the allowable pressure shown by this 
test is usually the one used by insur- 
ance companies. In some plants one 
boiler can be disconnected from the 
others and. cold water can be pumped 
into it. The best practice, however, 
is to use a special pump called a 
hydrostatic test pump. This is usually 
worked by hand and is equipped with 
the necessary check valves, by-passes, 
etc. With this equipment the entire 
boiler, including: the steam dome, can 
be filled with water up to the pressure 
desired, and every seam, rivet and 
joint thoroly inspected. 

SOT— PUMP. OIL.— In the storag:e of 
oil transfer pumps are often used to 
transfer the oil from the container 
in which it was delivered and put it 
into the container in which it is to 
be stored. These consist only of a 
tube of sheet iron and a piston con- 
taining a valve. The piston raises 
the oil and a trougrh is provided for 
allowing: it to run into the storag:e 
tank. 

In force feed oiling: systems the 
pumps consist of rods working: back 
and forth in pipe or other rodis that 
are slig:htly larg:er on the inside than 
the first named rods are on the outside. 
These pumps are really plung:er pumps, 
in that way. Valves are provided that 
admit and dl8charg:e the oil at the 
proper time. 

608— P U M P, ROTARY.— These are 

really small centrifug:al pumps for 
draining: small places or forcing: a 
small stream of water. The reader 
is therefore referred to Pump, centri- 
fuKal. 

SOO— PUMP, SLIP. — These pumps are 
used to pump the slip or mixture of 
clay and water as it comes from the 
blung:ers and settling: tanks into the 
filter press. It is usually a vertical 
pump of the plung:er type as this kind 
of pump will handle the silt and clay 
in the water better than a piston type 
of pump. 

MANUFACTURERS (see catalog: sec- 
tion): 
Hadfleld-Penfield Steel Co. 
International Clay Machinery Co. 
Mueller Machine Co.. Inc. 

610— PUMP, STBAM, WITHOUT PIS- 
TON OR PLUNGBR. — These pumps are 
adapted to all operations requiring: 
ease of installation, simplicity of opera- 
tion, a minimum amount of repairs 
and care, and the ability to handle 
semi-fiuld materials, g:ritty water, 
stone, etc., in capacities rang:ln^ from 
approximately 900 to 80,000 g:sLls. per 
hour. In desig:n, they consist funda- 
mentally of two bottle-shaped cham- 
bers, with their necks communicating: 
at the top (which is the point of steam 
intake), the chambers being: placed side 
by side and equipped with the neces- 
sary intake, suction, check and dis- 
charg:e valves. In operation, the vacuum 
created by the condensation of steam 
causes the water to fill the chamber, 
and this action, in the alternate cham- 
bers, is so rapid and regrular that the 
stream of water leaving: the discharge 
pipe is practically continuous. They 
have a hig:hly individual and valuable 
sphere of usefulness in the clay prod- 
ucts industries, especially in pit and 
mine work. 



611 — PUMP, VACUUM. — A vacuum 
pump is a device for emptying: heating: 
coils of condensed water, when operat- 
ing: under low pressure or exhaust 
steam. A vacuum pump will pump the 
water back to the boiler room to be 
sent thru the heater, boiler-feed pump 
or any other arrang:ement. All water 
of condensation, however, must be re- 
moved as fast as formed and that is 
the duty of a vacuum pump. In clay 
products plants the larg:est use of 
vacuum pumps is in connection with 
the many types of dryers using- steam 
as the heating medium. A vacuum 
pump will not feed directly to the 
boilers. 

PUMP VAIiVB, RUBB12R, see Valve, 
pump, rubber. 

612— PYRITES. — A mineral, chemically 
known as FeSj=Pe 46.6 %, S 53.4%, 
and is referred to by clay miners in 
some districts as sulphur. Not un- 
common in some clays and when pres- 
ent can be seen with the naked eye. 
It is yellow in color and may occur 
in big: lumps, small grralns, cubes, or 
even in flat rosette-like forms. Ex- 
posed to weather, pyrlte chang:es 
readily, flrst to sulphate of iron, then 
to limonlte. Because of this easy con- 
version to limonlte, pyrlte is rarely 
permanently present In clays. Clays 
containing pvrite are not usually de- 
sirable, and in mining: the pyritic ma- 
terial should be rejected. Pyrlte is 
often present in fire clays and causes 
the black spots on the face of fire 
brick. On account of its shiny yellow 
appearance and resemblance to gold it 
is often called "fool's gold." 

613 — PYROMBTER, OPTICAL. — In 

optical pyrometers the intensity of the 
light emitted by an incandescent body 
whose temperature Is sought is meas- 
ured by comparing the intensity of the 
light which ' the body emits with that 
emitted by some standard source, such 
as a gasoline lamp or an incandescent 
lamp under specified conditions. Op- 
tical pyrometers are therefore essen- 
tially, in principle, photometers adapted 
to meet the varying requirements of 
shop and laboratory use. 

In these pyrometers light of a single 
color is generally used to get rid of 
the difilculties in photometry incident 
to color differences, and also for the 
reason that the laws connecting the 
temperature of a body and the inten- 
sity of the light emitted are simpler 
if we deal with a single wave length 
(color) only. 

The chief use of optical pyrometers 
is in the measurement of extremely 
high temperatures, and where it is 
Impractical to use the electric pyrom- 
eter. 

MANUFACTURERS (see catalog sec- 
tion): 
Brown Instrument Co. 
Engelhard, Chas.. Inc. 
Thwing Instrument Co. 
WIlson-Maeulen Co. 

614 — PYROMBTBR, PORTABLE. — 

Practically any of the ordinary types 
of pyrometers are made portable, but 
in addition there are some that are 
made especially for portable use, and 
are self-contained; that is, the part 
that is in contact with the heat or 
the radiation and the dial to indicate 
the heat, are made in one piece of 
equipment without any wires or other 
connection being exposed. One type 
of this class of pyrometer is the ex- 
pansion pyrometer and another the 
platinum pyrometer. In each case the 
instrument is enclosed In a pipe about 
two or three inches in diameter closed 
at one end and having a dial on the 
other for indicating the temperature. 
These pyrometers are very serviceable 
around a small plant, as the tempera- 
ture can easily be found by placing 
the closed end of the pipe thru the 
wall of the kiln or boiler setting. The 
benefits are limited, however, as a port- 
able pyrometer of this type cannot be 
made recording. 

MANUFACTURERS (see catalog sec- 
tion): 
Brown Instrument Co. 
Engelhard, Chas.. Inc. 
ThwIng Instrument Co, 
Wilson-Maeulen Co. 
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the ceramic industry. Likewise it will 
not indicate temperature of a kiln or 
boiler that is filled with smoke. Most 
pyrometers of this type will indicate 
the temperature of an object irrespec- 
tive of the distance between the object 
and the pyrometer, provided, however, 
that the radiating surface be large 
enough to prevent the radiation of any 
other object entering the instrument. 
For this purpose, it is evident that the 
greater the distance the larger must 
be the surface of the radiating body. 
These pyrometers are usually made on 
the electric thermocouple principle. 
They are very useful for determining 
the temperature of a boiler or kiln 
fire, and are usually portable. 

MANUFACTURERS (see catalog sec- 
tion): 

Brown Instrument Co. 
Engelhard, Chas., Inc. 
Thwing Instrument Co. 
Wilson-Maeulen Co. 

PYROMETER, RECORDING, see 

Pyrometer, thermoelectric. 

616 — ^PYROMETER, THERIMOBLEG- 
TRIC. — These instruments indicate or 
register the heat in a kiln, boiler or 
other place thru the variation in the 
electromotive force in two different 
metals when heat is applied. The 
operation is based upon the principle 
that the ends of rods or wires of two 
unlike metals welded together create, 
when heated, an electromotive force 
which, if the wires are brought into 
contact at another point, will produce 
a small electric current with intensity 
corresponding to the difference in tem- 
perature at the two points of contact. 
Copper, iron, nickel and platinum and 
the alloys of the last two metals are 
the materials that are used to make 
most of the thermocouples (which is 
the term used to designate the two 
metals which are subjected to the 
heat). These metals are enclosed in a 
porcelain' tube and that tube is en- 
closed in a fire clay tube in order to 
protect the delicate metals from the 
reducing effects of the heat. In the 
ordinary installation around a clay 
products plant the thermocouple is 
placed thru the crown of the kiln or 
near the fire box of the boiler. The 
wires connecting these two metals are 
led to a galvanometer, which is scaled 
to show degrees of heat instead of 
variations in current. This type is 
called the Indicating pyrometer. 

The recording pyrometers are the 
same except that the variations in 
the heat move a pen across a paper 
which is arranged to show the heat 
variations for 24 hours or more. Some 
recording instruments will record the 
continuous operation of as many as six 
kilns or other furnaces at the same 
time. ' 

Pyrometers are the source of many 
economies in the clay products field. 
The burning can be watched so that 
no time or fuel is wasted. The men 
themselves will watch them and the 
lessons taught by the needle or pen 
as it varies up or down are often as 
potent and productive of good results 
as the instructions of the foreman or 
superintendent. One of the big advan- 
tages of the installation of a record- 
ing pyrometer Is the ability to know 
exactly what the night fireman did, 
and the fact that he knows that the 
instrument will make a written re- 
port of his work. One of the main 
advantages gained in the use of pyrom- 
eters is the ability of adopting a stand- 
ard burning schedule, and seeing that 
the heat is raised on every kiln ac- 
cording to this schedule. This Insures 
burning the kiln with the utmost speed, 
least fuel and the smallest possible 
loss. The same procedure enables a 
larger output to be produced with the 
same investment in kilns. 

MANUFACTURERS (see catalog sec- 
tion): 

Brown Instrument Co. 
Engelhard, Chas.. Inc. 
Thwing Instrument Co. 
Wilson-Maeulen Co. 

MANUFACTURERS' ANNOUNCE- 
MENTS : 

Brown Instrument Co., 4603 Wayne 
Ave., Philadelphia, Pa. Brown 
Pyrometers afford an accurate 
means of measuring and record- 
ing the degree of heat required 
to burn or to melt a given clay. 
One of the outstanding advan- 
tages of the Brown Pyrometer • 
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lies in the fact that it has ex- 
tremely hlgrh resistance, and be- 
cause of this higrh resistance its 
reading's are entirely unaffected 
by normal changes in length of 
wiring or atmospheric changes 
in temperature along the 
wiring connecting the thermo- 
couple and instrument. The in- 
strument is of a simple, husky 
construction with few working 
parts, which insures greater ac- 
curacy in measuring and record- 
ing temperatures, greater de- 
pendability, and longer life for 
the instrument. As soon as a 
Brown Pyrometer is installed our 
service man calls to adjust and 
test it, and you are assured of 
as nearly perfect an installation 
as is possible. Our men are per- 
manently located in New York, 
Pittsburgh, Cleveland, Detroit, 
Chicago, St. Louis, Denver, Los 
Angeles, San Francisco and 
Montreal. Other instruments 
made by The Brown Instrument 
Company that have the saving 
habit are Brown Indicating and 
Recording Thermometers, Brown 
Indicating and Recording Tacho- 
meters, Brown Mercurial Ther- 
mometers, Brown Recording 
Pressure Gauges, Brown Time 
and Operation Recorders, Brown 
Draft Gauges and Brown Resist- 
ance Thermometers. 

Engelhard, Chas., Inc., 30 Church St., 
New York, N. Y. The widely 
varying reports obtained from 
various plants equipped with 
pyrometers and pertaining to the 
benefits derived therefrom are 
entirely traceable to two factors: 
1. A failure on the part of the 
plant which has them to make 
intelligent use of them. Pyrom- 
eters are only tools to be placed 
in the hands of a man who 
knows how to use them. A study 
of the records will show where 
a few hours here and there can 
be clipped from the firing period. 



It will show where water-smok- 
ing can be carried a little faster 
without danger of checking. It 
will show when the carbonizing 
temperature is reached and will 
make It possible for the burner 
to hold this temperature until 
carbonization is completed, with- 
out danger of going Into the vitri- 
fication range too soon. In other 
words, he can proceed with as- 
surance and save fuel by elim- 
inating the ups and downs, which 
without pyrometers he cannot do 
and can complete his burn in a 
shorter length of time than 
would otherwise be possible. 

2. On account of the lower 
first cost base metal couples are 
too often used where platinum 
10% rhodium thermocouples are 
required. Frequently, in order 
to make the base metal couples 
stand up without too rapid fail- 
ure, they are not inserted be- 
yond the inside of the crown. 
Of course this gives very erro- 
neous data. If good equipment 
is installed and If intelligent use 
is made of it, pyrometers are 
one of the best investments that 
a brick plant can make. 

Wilson-Maeulen Co., 383 Concord 
Ave., New York, are the manu- 
facturers of the Tapalog Multi- 
Record, Multi-Color Pyrometer 
Recorder. This instrument has 
been used for years in the steel 
. industry and Is recognized as the 
standard in that field where the 
necessity of uniform and con- 
stant supervision of the heat is 
more important than in the clay 
products industry. Our pyro- 
meters are equipped to show con- 
tinuous records of the heat In 
six kilns at the same time. They 
do this on one transparent sheet 
of paper and each kiln has a 
separate and distinct color. By 
an arrangement of switches the 
six hottest kilns can be connect- 
' ed to the recording paper, and in 
this way one instrument can 



take care of any number of kilns. 
Indicating instruments are pro- 
vided that show at any time the 
heat of any of the kilns not con- 
nected to the recording instru- 
ment. 

Thwing Instrument Co., 3339 Iian- 
caster Ave., Philadelphia. 




ThiviBg— «ee catalog section. 

IVall Types Indicating Pyrometer with 

Dial Switch. 

617— PYROMBTBR, IVEDGBTTOOD. — 

An instrument which depends for its 
recording action upon the shrinkage of 
clay cylinders, whose contraction is 
presumed to be proportionate to the 
temperature to which they are exposed. 
Their behavior is not suited to close 
measurement. 

MANUFACTURERS (see catalog sec- 
tion): 

Brown Instrument Co. 

Engelhard, Chas., Inc. 

Thwing Instrument Co. 

Wilson-Maeulen Co. 

PYROHBTRIC CONB, see Cone, 
pyrometric. 
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Q,UARRYING, see Clay winning. 

518— CtUARTZ. — ^This mineral (for- 
mula, SiOa) Is found in nearly every 
clay, the amount varying from about 
1% in kaolins or fire clays to over 50 
or 60% in some very sandy brick clays, 
but the grains are seldom large enough 
to be seen with the naked eye. Tne 
grains are translucent or transparent, 
usually of angular form in residual 
clays and rounded in sedimentary clays. 
They may be colorless, but more often 
are colored superficially red or yellow 
by iron oxide. Nodular masses of 
amorphous silica, generally known as 



chert or flint, are found in some clays, 
particularly in many residual clays of 
the southeastern states. Quartz pebbles 
are also found in many clays of the 
Mesozoic or Pleistocene period: in fact, 
a large portion of the sand grains 
found in coarse, gritty, surface clays 
of sedimentary nature are quartz. Both 
quartz and fiint are highly refractory, 
being fusible at Seger Cone 35 (3,326 
deg. F.), but the presence of other 
minerals may exert a fluxing action 
and cause the quartz to soften at a 
much lower temperature. In pottery 
quartz is used as a part of both glazes 
and bodies. 



618A— aUARTZITE. — Quartzite is a 
quartz bearing mineral rock. Quartz 
is pure silica, and quartzite has im- 
purities mixed in It. 

510 — (^UEBN'S TVARB, IROirSTONB 
CHINA, AND TVHITE: GRAN IT K 
IVARB. — These terms are used indis- 
criminately by potters to indicate a 
grade of white earthenware for dining- 
room services one grade higher than 
C. C. ware. They are made of superior 
quality materials, the body being 
slightly stained by a solution of cobalt, 
which plves it a bluish-white cast. 
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RADIATION PYROMBTBR, see 

Pyrometer, radiation. 

. RAILS, see Frogs, rails and switches. 

RAHjTVAY BNGINB, see several en- 
tries under Locomotive. 

620— RARE ESLBMBNT. — A term ap- 
plying to such rare elements as cerium, 
yttrium, berryllium, molybdenum, plat- 
inum, rhodium, whose presence in cer- 
tain clays has been determined by ex- 
haustive analyses. Some of them are 
used for pyrometers. 



521 — ^RATTLBR — The rattler con- 
sists of a ruggedly constructed, heavy 
iron cylinder having concave ends, 
mounted on suitable Iron or steel, 
framework and operated by a gear 
drive. The machine is used to test 
paving block. During the test, a 
300-lb. charge of cast-iron spheres is 
placed in the cylinder with ten dried 
pavine brick. The rattler is then re- 
volved 1,800 times In 30 minutes. A 
good paving brick should not lose more 
than 20% of Its weight. Less than 20% 



loss Indicates a good brick. The brick 
should be hard burned, capable of not 
more than 1% to 3% of absorption, 
when tested. (See also Brick, paving.) 

MANUFACTURERS (see catalog sec- 
tion): 

Freese, E. M. & Co. 
Hadfield-Penfield Steel Co. 



RECIPROCATING FEEDER, 

Feeder and mixer, clay. 



see 
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Roller 



832— ABCORDER, TIMB AND OP- 
BRATION.^ — ^Recorders of this type are 
made to record the time necessary to 
perform any job or the quantity of 
production. The exact time of the ar- 
rival of any mail or report can be 
stamped thereon by one of these ap- 
pliances. In maklngr time studies of 
machine output a counter or recorder 
Is very valuable as It shows the pro- 
duction possible when the machine is 
operated to full capacity at all times. 
Of all time or operation recorders the 
"time clock" is used most in clay prod- 
ucts plants, as it forms the basis for 
all pay roll work when flgrured on the 
hourly or day rate, and at the same 
time forms a check on the report of 
the foremen as to whether or not each 
man was at work. 

MANUFACTURER (see catalog: sec- 
tion): 
Brown Instrument Co. 

RECORDING PRESSURB GAGB, see 

G&ge, pressure recording:* 

RECORDING PYROMETER, see 

Pyrometer, thermoelectric. 

. RECORDING THERMOMETER, see 

Thermometer. 

828 — RECTORITE. — Related to 
kaollnlte. Monoclinic. Appears in 
leaves or plates resembling- mountain- 
leather; hardness less than that of 
talc; feels soapy; luster pearly; color, 
pure white, sometimes stained red with 
iron oxide. Composition: HA1S10« or 
AliOa, 2SiO>, HsOr: silica 60.0, alumina, 
42.5, water 7.5. 

524— REFRACTORIES. — A refractory 
material is any substance used in a 
furnace constantly under such condi- 
tions as to be subjected to higrh tem- 
peratures, that will successfully with- 
stand the temperatures encountered, 
and that will resist abrasion and cor- 
rosion at the places where used. It 
must possess the following: properties: 
(1) It must be comparatively Infusible; 
i. e., have an appreciably higrher melt- 
ing* point than that obtained in the 
place where it is used. In ore-roasting 
furnaces, temperatures run up to 1,000- 
1,100 deg. C. In electrical furnaces, 
they may reach 3,600 deg. C. (2) It 
must resist abrasion, as is met with in 
iron blast furnaces, etc The refrac- 
tory may be softened at high temper- 
atures. Magnesia melts at 1,900 deg. 
C, but softens at 1,600 deg. C. (3) It 
must resist chemical corrosion. Acid 
brick cannot be used in places where 
basic substances or fluxes are used. 
(4) It must have the property to with- 
stand sudden changes In temperature. 
In some furnaces requiring sudden 
changes In temperatures, magrnesla is 
subject to spoiling off: so is silica 
brick; but chromlte brick will not. (6) 
It must possess low heat conductivity, 
which, fortunately. Is a property of 
most refractories. Furnaces are often 
built of a number of refractory mate- 
rials: e. g., magnesia, which is highly 
refractory but a high conductor, is 
backed up by silica brick. 

Chemically, refractories are divided 
into three classes: — 

1. Siliceous refractories: (a) Fire 
clay, aluminous lire clay or siliceous 
fire clay; (b) silica brick; (c) ganister. 

2. Basic refractories: (a) Magrnesite 
or magrnesla; (b) dolomite lime; (c) 
bauxite. 

3. Neutral refractories: (a) Chro- 
mlte; (b) graphite; (c) carborundum 
and ailoxicon. 

Of these the first sub-class (which 
is the most common) ; namely, fire clay, 
is divided into two divisions according 
to the ability to withstand destructive 
influences: — ^ 

1. Fire clays which resist high tem- 
peratures and high load conditions. 
These must embody: (1) Minimum 
86ftening temperature at Cone 32; (2) 
no excessive deformation at 1,360 deg. 
C. (2,462 deg. F.) and 50 lbs. pressure 
per SQ. in.; (3) not over 0.18 equivalent 
of RO nor over 3 equivalents of silica. 

2. Fire clays which resist high tem- 
peratures but not high loads. These 
embody: (1) Minimum softening tem- 
perature at Cone 32; (2) no excessive 
deformation at 1,360 deg. C. (2,462 deg. 
F.) and 26 lbs. per sq. in.; (3) not 
over 0.2 equivalent of RO nor 3 equiva- 
lents of silica. (See also Bauxite, 
Chrome, Fire Brick, Silica Brick, Zlr- 
oonia, Siloxlcon, Dolomite and maff- 
neslte, and Carborundum.) 



S26 — REGUIiATOR, PRESSURE. — 

These attachments are used wherever 
the amount of water or steam delivered 
to a certain pipe or other point should 
be kept below a deflnlte pressure. Two 
general types are in use, one for steam 
and the other for water. The steam 
regulators are used chiefly in connec- 
tion with a drying system that uses 
steam. The pipe line carrying the 
steam has a regulator to keep the 
pressure in the dryer at a certain 
amount. Dryers are built to use live 
steam at lower pressure than that 
used on the boiler, and a pressure 
regulator Is the best way to accomplish 
this with success. Water pressure reg- 
ulators are used principally on a pump 
that discharges into a pipe having a 
valve at a distant point that may be 
closed without the knowledge of the 
operator of the pump. This is espe- 
cially serviceable on the line running 
from the boiler room to the pit. With 
this arrangement the men in the pit 
can open and close the valve on a 
water line without any danger, and 
they can be sure of having water for 
the machines at all times. 

MANUFACTURERS (see catalog sec- 
tion): 
Brown Instrument Co. 
Bngelhard, Chas.. Inc. 

S26 — ^REGUIiATOR, TEMPERATURE. 

— There are two departments in clay 
products manufacture where tempera- 
tures exert a marked effect on the 
quality and cost; namely, drying and 
burning. In order to increase the efll- 
ciency, temperatures are regulated or 
controlled as closely as possible. In 
drying, recording thermometers and 
wet and dry bulb thermometers are 
found to be very useful. The latter 
equipment enables the operator to reg- 
ulate the air and heat so as to attain 
the maximum output with the highest 
quality. In burning, pyrometric cones 
and pyrometers, of both the recording 
and non-recording types, are made to 
control and regulate the temperature 
to attain a like maximum output with 
the highest quality and lowest cost. 
Recording thermometers and recording 
pyrometers are equipped with a sheet 
or roll of paper on which the record 
of the heat for 24 hours or longer 
is placed. (See also Thermometer, 
Pyrometer, and Cones.) 

MANUFACTURERS (see catalog sec- 
tion): 
Brown Instrument Co. 
Engelhard, Chas., Inc. 

B27— REPRESS^ — A repress is a ma- 
chine into which a brick is put in 
order to reshape it, and usually brand 
it. It is ordinarily used in connection 
with soft-mud or stiff-mud brick. In 
making soft-mud brick a hand powered 
repress is used. The brick are allowed 
to dry partially on the floor, after 
being molded either by hand or by a 
soft-mud machine, then picked up and 
repressed. In making stiff-mud brick 
the column of cliiy Issuing from the 
machine is cut into brick by wires. 
These brick are a little thicker and 
not Quite as large as the flnished brick 
are desired. These wire-cut brick are 
then put thru a power repress, branded 
and repressed to the desired size. Re- 
presses are used chiefly for pavinff and 
fire brick. 

The repress machine consists pri- 
marily of a mold into which the brick 
are placed and then subjected to heavy 
pressure. In late models, the pressure 
is applied gradually and regularly by 
a plunger from above or by plungers 
both from above and below. Tne brick 
are delivered to the repress on a table 
or moving belt from which they are 
automatically charged into the molds. 
Accuracy in design Is essential, in order 
that the brick may be placed squarely 
in the molds with each revolution of 
the plungers; the brick must likewise 
fit and fill the molds as perfectly as 
possible. Each size of brick requires a 
separate mold. 

In some represses the mold is sta- 
tionary, and the pressing is done by 
plungers working from top or bottom, 
or from both moving towards each 
other. In other types, one plunger is 
stationary, while the other moves 
against this, carrying the mold with It. 
Pressure is exerted by means of a cam, 
crank or toggle joint, lurovexnent is 
imparted to these by i^^Tlo if hand- 
operated, or I ■ *•'"'»''»- 
heavy gearing. 



ttese Dy i^-TL- if nana- 
^y clutiv^^^fi'UeyB and 

neavy ge»rmg,^ if gj^^ PlVlven. In 
very substantially buiYl^W'^Vaes. pr«»- 
sures up to 46,000 ikH rAur©^ in. can 



be exerted 



means provided to regulate the pres- 
sure as desired. The power required 
to operate a two-mold repress varies 
from one to two horsepower; the ca- 
pacity varies from 1,000 to 4,000 stand- 
ard size brick per hour. 

MANUFACTURERS (see catalofiT sec- 
tion): 
Bonnot Co. 

Clearfield Machine Shops. 
Hadfleld-Penfleld Steel Co. 
International Clay Machinery Co. 

MANUFACTURERS' ANNOUNCE- 
MENTS : 

Bonnot Co., Canton, Ohio. The Bon- 
not repress has a continuous 
movement absolutely free from 
jolt or jar. 

REVOLVING SCREEN, see Screen, 
revolving. 

B28— RING-PIT. — The ring-pit is used 
in common brick yards and serves the 
same purpose as a pug-mill, except it 
has less capacity and takes up more 
room. It consists of a pit, 20 to 26 ft. 
wide and about 3 ft. deep, lined with 
heavy boards or brick. jElevolvlng in 
this pit is a heavy, 6 -ft. iron wheel, 
which is so geared that it travels 
around the pit in a spiral path, thus 
thoroly masticating the clay mass. 
Ordinarily, from flve to six hours are 
required to temper the clay in a pit 
that holds from 26,000 to 80,000 brick. 
Ring-pits may be operated by either 
steam power or horse power but are 
not used in modern plants. 

MANUFACrrURER OF EQUIPMENT 

(see catalog section) : 
International Clay Machinery Co. 

S29^R OCKINGHAM TVARB^— A 

Specific class of goods made largely in 
teapots. The body is composed of a 
•cheap buff or red clay, while the glaz- 
ing material is of a rich brown, this 
coloring being produced by the oxide 
of manganese. In recent years, Rock- 
ingham ware has been made in a grreat 
variety of forms, many of which are 
elaborately decorated. 

58»— ROLLER BEARING. — Roller 
bearings refer to the system of lubri- 
cation in which the shaft or axle is 
surrounded by rollers of hard steel. 
These rollers make a snug fit between 
the axle or shaft and the hub or main 
casting of the bearing. When the axle 
or shaft turns, the rollers roll, thus 
converting sliding friction into rolling 
friction. This requires much less power 
than when the shaft or axle revolves 
in the plain babbitted bearing. The 
rollers and the space between the axle 
or shaft and the hub or main cashing 
are generally packed and filled with 

Sraphite or a similar lubricant. The 
iameter of the rollers in each bearing 
must be uniform. Roller bearings are 
suitable for heavy duty work. Almost 
all cars, whether in the pit or in the 
factory, are equipped with them. Sev- 
eral cases are known where they have 
been installed and operated success- 
fully on the heavy duty wet pans of a 
plant manufacturing silica brick. Roll- 
er bearings have been lately installed 
in ordinary line shaft boxes and bear- 
ings in place of babbitt metal with 
very good results. (See also Ball Bear- 
ing.) 

MANUFACTURERS (see catalog sec- 
tion): 
Easton C^r & Construction Co. 
International Clay Machinery Co. 
Weller Manufacturing Co. 

531 — ROLLER, GUIDE.— Guide rollers 
are used to keep a belt conveyor in 
place. The natural tendency of a belt 
conveyor is to get out of line at times, 
and for this reason guide rollers are 
placed at frequent intervals. They con- 
sist of a frame holding an upright 
pin, which is stationary. On this pin 
is mounted a roller which is also up- 
right and which revolves on the pin. 
A grease cup is provided which lubri- 
cates between the roller and the pin. 
The roller does not revolve except 
when the belt starts to run off of its 
course. In that case the roller stops 
it and on account of the fact that the 
roller revolves there is no wear on the 
edge of the belt as there would be if 
a Doard or other solid device were 
used. It is well known that the edgre 
of a belt must not be allowed to wear, 
because if the wear extends in far 
enough to permit the plies to separate, 
the life of the belt will be very short. 
For this reason gruide rollers are a 
necessity. Many elevators and drive 
belts could be equipped with guide 
rollers to good advantage for the same 
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Sagger 



reasons siven above. (See also Con- 
veyor, belt, Elevator.) 

MANUFACTURER (see catalog: sec- 
tion): 
Weller Manufacturing: Co. 

ROOFING THiEf see Tile, rooflnff. 

ROOFING TUiS: MACHINE3RY» see 

Tile machinery, roofing:. 

ROPIS DRIVES, see Drive, rope. 

5d2— ROPB, HANIIiA. — ^Manila rope is 
made by intertwining: fibers of manila. 
The fibers are woven into strands and 
these strands are woven into the fin- 
ished rope. This is the common rope 
found at any place that a rope can 
be of service. One of the special places 
for the us.e of this rope is In operating: 
rope drives. (See Drive, rope.) Manila 
rope is also used In a "block and falls" 
for hoisting:, and some types of this 
kind of installation can be locked with 
the load in suspense, as is done auto- 
matically by chain blocks. 

• MANUFACTURER (see catalog: sec- 
tion): 
Weller Manufacturing: Co. 

533— ROPBf TVIRB* — Wire rope Is 
made by twisting: tog:ether a number 
of wires into a sing:le strand, and then 
twisting: the strands around a hemp 
center or core. The hemp center pro- 
vides little additional streng-th, but acts 
as a cushion to preserve the shape of 
the rope. In some cases the conditions 
under which the rope is to be worked 
require a wire center. While the wire 
center adds to the streng:th of the rope, 
it is not advisable except when abso- 
lutely necessary. The streng:th of wire 
rope depends primarily upon the mate- 
rial of which the wires composing: the 
rope are made. The material used in 
the manufacture of wire rope may be 



:rouped into five main divisions: (1) 

: I. (3) 

strong: crucible cast steel, (4) plow 



frroupea 
ron, (2 



) crucible cast steel, (3) extra 



steel, (5) special or Improved plow 
steel. 

Iron rope Is a very soft and low 
tensile streng:th material and is half 
ag:ain stiffer than steel rope. It is 
used only to a very limited extent. 
Crucible cast steel is a lower quality 



of hig:h-g:rade steel rope, and is toug:h 
and pliable. Extra strong: crucible 
cast-steel rope is of moderately hlffh 
tensile streng:th and quite flexible, it 
is used for ordinary work and can be 
used on small sheaves and drums. 
Plow steel is a very hig:h quality rope 
which combines Iig:htness and g:reat 
streng:th. It is used for heavy work 
where conditions permit the use of 
sufiiciently larg:e drums and sheaves. 
It stands abrasion better than cast- 
steel rop^s. Improved plow steel rope 
is the hig:hest quality obtainable, and 
is very useful where g:reat 8treng:th, 
lig:htness and abrasive resistance are 
required. 

Almost every set of conditions and 
uses requires a certain type of wire 
rope, and g:eneral recommendations are 
impossible. Tensile streng:th, flexi- 
bility and resistance to abrasion are 
three important factors in wire rope, 
and each of them must be considered 
in the purchase of this material. In 
fi:eneral, there is less care in the pur- 
chase of this material and more oppor- 
tunity to make mistakes in securing: 
the wrong: type of rope for a g:lven 
use than any other equipment on the 
plant. 

The proper lubrication of wire rope 
is most important, but its importance 
is often overlooked. Wire rope should 
be coated with grease when not in 
service, as otherwise the rope will rust 
very rapidly. 

(See also Aerial tramway; Conveyor, 
cable; Crane; Excavators, drag-line; 
Drive, rope; Drum, winding, and Wire 
rope compounds.) 

MANUFACTURER (see catalog sec- 
tion): 
Weller Manufacturing Co. 

ROTARY DRYER, see Dryer, rotary. 

RUBBER BELT* see Belting, rubber 
and composition, and Conveyor, belt. 

534— RUBBER GOODS.— Rubber is a 

very serviceable material around any 
plant, and is made into several forms. 
It is made into several different thick- 
nesses of sheet, which are suited to 
use as gaskets or packing on any flat 
surface, such as flanges in piping. 



pump heads, valves, etc. Rubber is 
one of the necessary components of 
■hose, both water and steam. It Is also 
used some in packing for valve stems 
where steam, acids or other corrosive 
materials are not present. Steam has 
a very destructive effect on rubber, un- 
less it is the type called '*hard rubber." 
Hard rubber is used for pump valves, 
for the renewable seats of globe valves, 
etc. In certain classes of belt con- 
veyors the belts are rubber surfaced. 
One of the largest uses now for rubber 
is the tires for auto trucks, industrial 
trailers, etc. (See also Hose, rubber; 
Hose, steam; Packing, sheet; Hand 
leathers; Footwear; Conveyor, belt.) 

MANUFACTURERS (see catalog sec- 
tion): 
Goodyear Tire & Rubber Co. 
New York Belting St Packing: Co. 
U. S. Rubber Co. 

RUBBER HOSE, see several entries 
under Hose. 

RUBBER PUMP VALVE, see Valve, 
pump, rubber. 

S35 — GRUBBER TUBING. — ^This is a 
flexible pipe, tube or hose formed en- 
tirely of rubber. It is not made to 
withstand steam or pressure (for this 
purpose, see Hose, all entries), but is 
very well suited for connecting up 
draft g'ages, flue gas analysis instru- 
ments, etc. 

MANUFACTURERS (see catalog sec- 
tion): 
New York Belting & Packing Co. 
U. S. Rubber Co. 

RUNNER BRICK MACHINERY, see 

Sleeve, nozzle and runner brick ma- 
chinery. 

536^^RUTILE« — A mineral titanium 
oxide (TiOa=Ti 60%. O 40%) presumed 
to be of widespread occurrence in clays, 
since titanium is usually found in 
the chemical analysis. Rutile occurs 
chiefly in the form of bristle-like 
crystals. No exhaustive or systematic 
efforts have been made to determine 
its effect on the behavior of clay, altho 
the effect of the titanium it contains 
on the fusibility of clay merits some 
attention, at least In the higher g^rades. 
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5S7.^SAFES. — Receptacles for the 
keeping of valuables, papers, money, 
etc. They are usually constructed of 
steel and made fireproof. To a certain 
extent they are burglar proof, some 
more so than others. Some safes are 
quite heavy but are nevertheless port- 
able. All safes are equipped with a 
combination lock on the door. A safe 
is found in almost every office and if 
a vault is not used should be large 
enough to hold all valuable papers, so 
that in case of fire these valuable pa- 
pers will be recovered. (See also 
Vaults, safety.) 

SS8 — SAFETY DEVICES, MECHAN- 
ICAL.. — ^These refer to the protection 
that must be provided around all ma- 
chinery to prevent injury to employees. 
All belts must be covered when they 
are in places accessible to employees 
because the lacings, rough places on 
edge of the belt, etc., may catch the 
clothing. All shaft collars should be 
provided with countersunk set screws. 
Force feed oiling systems, as described 
in a special item, afford immunity from 
the danger of oiling machinery while 
it is in motion. All gears should be 
provided with guards so that no one 
could accidentally get his clothing or 
fingers caught therein. Dry and wet 
pans and other crushing and grinding 
machinery should have guards provid- 
ed to prevent anyone falling In acci- 
dentally. Pulleys should also have 
guards. In the machine shop and 
woodworking shop all saws, boring 
machines, planers, etc., should be 
equipped with automatic guards which 
are always in place when the machine 
is not in use and which move suffi- 



ciently to allow the machine to be used 
and at the same time protect the oper- 
ator while in operation. Guards 
around belting, machines, etc., should 
be made of pipe, about one inch in 
diameter, and fastened to the fioor by 
special plates made for that purpose. 

B80 — SAFETY VALVE. — This is also 
called a pop valve and its duty is to 
open and allow an excess of pressure 
to escape from a boiler. Every boiler 
has an allowable working pressure, 
and if the pressure increases much be- 
yond this, danger and trouble may be 
encountered. Safety or pop valves are 
adjustable within certain limits, and 
can be set so that they will open when 
the pressure increases beyond the safe 
allowable working pressure. Their 
use is especially necessary where the 
load varies and a sudden reduction in 
the amount of steam used raises the 
pressure. The steam gage sometimes 
does not register properly and the ac- 
tual pressure may be higher than 
shown. A safety valve proves bene- 
ficial in this case. There is usually a 
disc which Is held against a seat by a 
spring or by a weight placed on the 
end of a lever. On the other face of 
this disc the boiler pressure is exerted, 
so that when the pressure increases 
beyond the ability of the spring, or 
weight to withstand it, the valve 
opens. It closes after the excess steam 
has been allowed to escape and the 
pressure reduced to the safe allowable 
pressure which is the same as that 
which the spring is able to withstand. 
(See also Valve, all items.) 

S4<V— SAGGER. — In the burning of 
wares such as wall tiles, enameled 
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brick and most grades of pottery 
which cannot be burned in contact 
with the fire gases, the effect of a 
muffle is sometimes secured by enclos- 
ing the ware in saggers. Saggers are 
simply small vessels of resistant fire 
clay in which the ware is tightly 
sealed or *"luted" with moist clay. 
They are stacked in the kiln just as 
pieces of ware would be, in such posi- 
tions that the kiln atmosphere may 
circulate freely among them, thus al- 
lowing the ware within them to be 
burned largely by radiation and con- 
duction. 

The average composition of saggers 
from 22 factories is: Tight burning^ 
plastic clay, 10%; open burning plastic 
clay, 20%; tight burning sandy clay, 
17%; open burning sandy clay, 7%; 
grog, 467o. 

For sagger-making equipment see 
Pan, dry; Pan, wet; Pug-Mill, Elevator; 
•Screen, several items; Clay, preparing 
and weathering; Cutter, all Items; 
Washing trough; Dryer, sagger and 
Wad-squeezing. 

MANUFACTURERS OF EQUIPMENT 

(see catalog section): 
Baird Machine & Mfg. Co. 
Mueller Machine Co., Inc. 

MANUFACTURERS' ANNOUNCE- 
MENTS : 

Mueller Machine Co., Inc.. 21-23-25 
Ward Ave., Trenton, N. J. Press 
No. 1 for tile and electrical por- 
celain factories, and potteries. 
Press No. 2 for large sag-gers 
such as are used in manufacture 
of sanitary ware. 
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641 — SALT GLAZED SSSmTER PIPE, 
SURFACE PIMPL.ING OF. — Surface 
pimples on the pipe are caused by the 
Incipient fusing, bubbling: and swelllner 
of small particles of shale, lying: close 
to the surface of the pipe; these par- 
ticles, it can be assumed, would not 
act similarly to largre particles of shale 
burned under similar conditions. The 
size and frequency of the pimples de- 
pend upon the fineness of the grrlndlngr; 
consequently, homogrenelty is the solu- 
tion to the problem. The pimples ap- 
pear between 2,000 and 2,060 degr. F. 
They are known to appear in grreatest 
size and extent on the pipe in fast 
burningr kilns, where the temperature 
lowers considerably after the start of 
the salting:. A ratio of hig:h g:rate area 
to kiln area is responsible for the 
short duration of full Are period on 
fast burning kilns, and is consequently 
an indication of the kind of pipe that 
will come from the kilns. 

642 — SALT GLAZING. — Salt g:lazing' 
is the only g:laze employed in the 
sewer pipe industry. It represents the 
simplest and crudest method of apply- 
ing- glaze to any ware. Common salt 
is shoveled into the tire boxes when 
the temperature has reached the maxi- 
mum used in the burn. The intense 
heat in the presence of the kiln gases 
and water vapor (the salt is commonly 
moistened before being applied) dis- 
sociates the sodium chloride (NaCl) 
and the following combination with 
water takes place: 2 NaCl+HiO = 2HCl 
+NaaO. The resulting free hydro- 
chloric acid, is expelled and the soda 
attacks the alumina, silica and iron of 
the clay forming the glaze. 

643 — SAHIAN l^VARE. — Consists of 
teapots, sugar bowls, cream pitchers, 
etc., composed of a red or brown clay 
body, and glazed with a transparent 
glaze showing the natural color of the 
clay body. These goods are generally 
carefully potted, the ornamentation 
being largely of embossed work upon 
the clay. 

644— SAND. — This earthy substance, 
composed of quartz and silicates, is an 
important antishrinkage agent, which 
greatly diminishes the air-shrinkage, 
plasticity, and tensile strength of clay, 
its effect in this respect increasing 
with the coarseness of the material; 
thus, clays containing a high percent- 
age of very finely divided sand (silt) 
may absorb considerable water In mix- 
ing, but show a low air-shrinkage. The 
brick maker adds sand or loam to his 
clay for the purposes mentioned above, 
and the potter brings about similar re- 
sults in his mixture by the use of 
ground filnt. 

Of the different minerals Included 
under sand, the glauconite is the most 
easily fusible, followed by hornblende 
and garnet, mica (if very fine grained), 
feldspar, and quartz. (See also Quartz 
and Silica.) ' 

SAND DRYER, see Dryer, sand. 

SANDER, MOLD, see Soft-mud brick 
machine. 

646— SAND-LIME BRICK. — Sand-lime 
brick are made out of clean sand and 
hydrated lime. They are mixed dry in 
a tube mill or wet in a wet pan in a 
proportion of 3-4 per cent, of lime to 
96-97 per cent. sand. The mixture is 
then fed into the press, which may be 
built almost the same as a dry press 
for clay brick, or into a rotary press 
which consists of a horizontally re- 
volving table containing any number 
of molds. As the table revolves the 
molds pass the charging hopper, then 
the pressing mechanism, and finally 
the ejecting levers. The brick are then 
put onto cars and run into a large 
steel cylinder, which is steam tight. 
The brick are here subjected to a 
steam pressure of about 120 pounds 
per square inch for about ten hours, 
and when withdrawn are ready for the 
market. Sand-lime brick are very 
suitable for building purposes, espe- 
cially where the cost of clay brick is 
too high. The cylinders for harden- 
ing sand-lime brick are usually over 
60 ft. long, and 6 ft. wide. 

MANUFACTURERS OF EQUIPMENT 

(see catalog section): 
Hadfield-Penfield Steel Co. 
International Clay Machinery Co. 
Stevenson Co. 

646 — SANITARY PRESSING.— Refers 

to the hand process of modeling bath- 
tubs, sinks, laundry tubs, etc. These 
articles are built by hand in very large 
molds and require exceptional care and 
skill in making. 



647— SANITARY IVARE. — Under this 
head comes pottery goods used for 
sanitary and various domestic pur- 
poses. The body is usually a porce- 
lain body, altho earthenware bodies 
have been used. The body composition 
usually ranges as follows: ball clay, 
10 to 20 parts; kaolin, 20 to 40 parts; 
filnt, 20 to 40 parts: feldspar, 15 to 30 
parts. One or two per cent, of a mix- 
ture of magnesium carbonate or cal- 
cium carbonate or talc is frequently 
added to produce color, toughness and 
translucency. The clay substance in 
sanitary ware is always above 40 per 
cent, and is usually around 50 per cent. 
This is necessary to give a longer vit- 
rification range and more viscosity. 

Sanitary ware is prepared as is most 
other pottery materials, and is usually 
cast in pottery molds. Sometimes It is 
pressed by hand, and one or two plants 
have been known to use the dry press 
process. The ware is usually fired at a 
high temperature, around Cone 10, and 
is usually vitreous. After the ware is 
bisculted a glaze is applied, usually 
white and opaque, and the ware burned 
in glost kilns. 

Both in the biscuit and glost burns 
the ware is usually set in saggers to 
protect it from the flames of the fires 
in the kiln. 

SAW, CIRCULAR, BAND. ETC., 
POWER DRIVEN, see Saw, wood. 

648— SAWDUST, USES FOR, — Saw- 
dust is added to clay to make the 
burned ware more porous and of a 
lighter body than usual. This is ac- 
complished by the fact that the saw- 
dust burns off at the firing tempera- 
tures reached in the kiln, leaving the 
burned ware in a very porous condi- 
tion. Sawdust is used in making terra 
cotta lumber, hollow tile, and to pro- 
duce a light weight refractory brick. 

640— SAW, HACK, ALL TYPES.— A 

hack saw is an appliance for cutting 
and sawing metal. There are two gen- 
eral types, namely hand and power 
hack saws. In each type the blade is 
the important feature. Hack saw 
blades are thin strips of tough steel 
that have highly tempered teeth on 
one edge. These teeth resemble those 
on a wood saw except that they are 
much smaller. Near each end of the 
blade there is a hole for fastening the 
blade to the frame or attachment by 
means of which it is pushed and pulled 
back and forth. The frame for using 
hand hack saw blades forms a 
rectangle when the blade is in place, 
and the handle is attached to one end 
in line with the blade. Many of these 
frames are adjustable to any length of 
blade. In placing a blade in a frame 
it should be set so that the teeth will 
cut as the saw is pushed forward, and 
the saw should be slightly raised as it 
is pulled backward. The teeth are not 
set to cut either way as in a wood saw 
and pulling the teeth over the metal 
with any pressure on them will result 
in damage to the teeth. A power hack 
saw is practically the same as a hand 
hack saw except that it is usually 
driven by a belt instead of by hand. 
A power saw automatically lifts the 
blade on the return stroke. A power 
saw needs no attention after it once 
starts on a cut, as the material to be 
cut is clamped down and when the cut. 
is finished the clutch is automatically 
disengaged. A power saw also pumps 
a special oil over the blade to keep it 
cool while cutting. Care must always 
be exercised in placing a hack saw 
blade in either a hand frame or a 
power saw to be sure that the blade is 
of the right tautness. A blade is too 
highly tempered to permit of any bend 
and if the frame is not tightened sufil- 
ciently the blade will soon become 
cramped and break. The same care 
must be exercised when a hand saw is 
used. The blade must be kept in the 
same plane as the cut or the life of 
the blade will be very short. 

660— SAW, W^OOD. — A saw for cut- 
ting wood is either a hand saw or a 
power driven saw. The former consists 
of a steel blade that is pliable and 
tough. One edge has teeth that are 
sharpened and spread both ways so 
that the width at the points of the 
teeth is about twice aa much as the 
thickness of the blade Hand wood 
saws are usually used bv ««« man but 
two -man saws are mart ?Sot have a 
handle on each end. ^^ tUa.t nave «. 

Power wood saws ar^ ,,v driven 

by a belt or geared ei^^ XisU^^^tor. The 
saw may consist of ^^.^J^ tC^^^^ plate 

loa clfC^ 



which revolves at high speed and has 
teeth on Its periphery. This is called 
a circular saw. A band saw is one 
that consists of a band about one-quar- 
ter to three-quarters of an inch wide 
and approximately 25 feet long. The 
length, however, may vary either way 
as it is not important. This band re- 
volves around two pulleys and passes 
a table In such a way that a piece of 
wood can be sawed by pushing it 
against the teeth that are cut into 
one edge of this band. Band saws and 
circular saws offer large chances for 
accidents, and they should by all means 
be equipped with safety devices. 

661— SCALES. — Scales are used for 
many purposes around a clay products 
plant. Some plants buy their raw ma- 
terial and coal by the ton and use a 
wagon scale for this purpose. Wagon 
scales are also useful where it is de- 
sired to ascertain the amount of coal 
being consumed at a boiler room or in 
the kilns. Again some plants sell their 
ware by weight, and if it Is hauled a 
wagon scale is necessary. Wagon 
scales are made with a platform large 
enough to accommodate a wagon or 
auto truck, and have a beam located in 
a scale house which indicates the 
amount of the load. Some types of 
wagon scales are made to print the 
amount of the load on a card, so that 
any chance of error in copying the fig- 
ures Is avoided. Track scales for 
weighing full and empty railroad cars 
are used by many plants, especially 
where the weight of the ware governs 
the price, or where the plant is located 
at some distance from a track scale 
owned by a railroad. Platform scales 
handling up to 1,000 lbs. are used for 
checking up on receipts of purchased 
material, local shipments, etc. In 
silica brick manufacture, in the pot- 
tery, chinaware and other high grade 
classes of clay production, platform 
scales are necessary to insure the 
proper amount of each ingredient of 
raw material. Automatic scales for 
the weighing of the clay as it comes 
from the mine so as to determine the 
tonnage mined, are also in use. (See 
also Poidometer.) 

SCHOOL, CERAMIC, see Ceramic 
school. 

SCOOP, HAND, see Shovel and scoop, 
hand. ' 

662— SCRAPER — The scrapers used 
in the clay products industry are siml- 
ifw ^^ ***?, regular wheeled scraper, 
altho usually of a heavier type. They 
are used to remove overburden, gather 
surface clay, and frequently for dig- 
ging soft shale or fire clay. Under cer- 
tain conditions a wheeled scraper la 
more efficient than the regular drag 
scraper, and at times a "buck scrap- 
er Is found being pulled by four or 
even eight horses. 

A drag-line excavator consists of a 
heavy scraper which Is made to dig. 
haul its load and dump by means of 
wire rope. 

MANUFACTURERS (SBe catalog sec- 
tion): 

Stevenson Co. 

Toronto Foundry & Machine Co. 

Green, L. P. 

SCRAPER, DRAG, POWER, see Ex- 
cavator, drag-line. 

SCREEN, PIANO-WIRE, see Plano- 
wlre screen. 

663 — SCREEN PLATE.— A screen 
plate Is a perforated plate of metal 
which Is placed In the revolving bed 
of a dry pan. Thru Its perforation 
passes all of the clay or shale ground 
by the pan. There are usually six or 
eight of these plates in a pan, and 
they are placed so as to form a circle 
on their outer edge. The clay or shale 
Is ground by the mullers wearing and 
rolling on the solid bed plates, and the 
centrifugal force carries the ground 
clay onto the screen plates. If It Is 
ground fine enough It passes thru 
these plates and Into the elevator, but 
If not fine enough scrapers are provid- 
ed to push It back under the mullers 
again. Screen plates are subject to 
great wear on the top surface and in 
the perforations. If the perforations 
become too large trouble is encoun- 
tered in the succeeding processes. For 
these reasons screen plates are made 
of as hard material as practical. Al- 
most all are made of white iron, 
chilled cast Iron, cast steel or man- 
ganese steel. Some are made of 
wrought Iron bolted together to form 
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and act as one piece. (See Mangranese 
steel and Pan, dry.) 

BIANUPACTURBRS (see catalog: sec- 
tion): 

Bonnot Co. 

Eagrle Iron Works. 

Hadfleld-Penfleld Steel Co. 

International Clay Machinery Co. 

Link-Belt Company. 

Stevenson Co. 

Toronto Foundry & Machine Co. 

Weller Manufacturing: Co. 

554— SCRBBN, RBVOI*VING. -- R « ; 

volvlngr screens are of two principal 
types, cylindrical and polygonal. The 
cylindrical screen is sometimes modi- 
fled to the frustum of a cone. The 
polygonal is made with a varying 
number of sides, and its cross section 
may be anything from the square to 
the dodecagon. The clay enters at one 
end, which is elevated, and gravitates 
to the lower end. As the screen re- 
volves, the fine material passes thru 
the mesh of the screen, while the 
coarser material passes out thru the 
lower end and is returned to the pan 
for further grinding. The revolving 
screen is generally mounted on a tim- 
ber frame in simple bearings, and pro- 
vided with ample oiling devices. The 
frame may be covered with perforated 
steel plates or with wire gage with 
any size of opening desired, the usual 
size being 1/8 to 1/20 in. The screen is 
usually four to nine feet long, some 
are as long as 20 ft., the average 
length being six feet. Generally, the 
cylinder works satisfactorily at 12 
r. p. m. 

There is another type of revolving 
screen which consists of about 12 or 
16 plates about three feet wide and five 
feet long. These plates are mounted 
on a set of chains that revolve around 
sprockets. The plates are fastened to 
the chains on the ends, and when not 
revolving the screen looks like a per- 
forated sheet screen on top, as it is 
inclined. When the screen is started 
the plates are pulled down the incline 
by the chains, the lowest screen plate 
is finally turned around the sprockets 
and starts back up the lower part of 
the screen to take its place at the top 
of the screen. At the same time an- 
other plate is turned into position at 
the top of the screen and starts its 
travel down the incline of the screen. 
The plates, therefore, successively 
move down the incline screening the 
clay as they move, then turn at the 
bottom, go up on the lower part of the 
screen and go over the upper sprock- 
ets to take their places again in the 
inclined space. Brushes are provided 
to clean the plates and in cold weather 
steam pipes are added. Any type of 
opening can be used in the plates. 

MANUFACTURERS (see catalog sec- 
tion): 

Bonnot Co. 

Clearfield Machine Shops. 
Hadfleld-Penfleld Steel Co. 
International Clay Machinery Co. 
Link-Belt Company. 
Webster Mfg. Co. 
Weller Manufacturing Co. 
Williams Patent Crusher & Pul- 
verizer Co. 

SCRBBN, ROLLBD SLOT, see Per- 
forated sheet metal. 

555 — SCRBEN, STATIONARY. — The 

inclined stationary screen is most fre- 
quently used for screening clays and 
cements. This type of screen consists 
usually of a rectangular trough, the 
bottom of which may be covered either 
with a woven wire screen, a piano wire 
screen or a perforated metal screen. 
Its length varies from 6 ft. to 14 ft. 
and upwards. The trough is Inclined 
at an angle of, say, 30 to 46 deg., ac- 
cording, flrst, to the size of particle * 
that is to pass thru the screen mesh, 
second, to the type of screen itself, 
and, third, to the condition of the clay. 
The sides of the screen are generally 
about nine inches high, and a canvas 
or sheet metal cover is placed across 
them to prevent loss of dust. A metal 
or wooden spreading plate, and pos- 
sibly -one or more baffle plates, may be 
used to insure distribution of the clay 
over the full width of the screen and 
thereby to obtain maximum screening 
capacity. Ordinarily, the clay is 
brought up by an elevator from the 
grinding apparatus and dumped onto 
the upper end of the screen. Its fall 



over the screen Is due to grravity alone, 
and at a certain inclination will have a 
definite velocity, and, hence, a specific 
maximum size of particle will pass 
thru the mesh under the conditions. 
The fixed screen has the advantage of 
simplicity of construction and low 
Initial cost, but constant attention Is 
required to keep it clean. 

There are several modifications of 
the described type, but the details of 
design and operation remain prac- 
tically the same in all types. (See 
Perforated sheet metal; and Piano 
wire screen.) 

MANUFACrrURERS (see catalog sec- 
tion): 

Bonnot Co. 

Clearfield Machine Shops. 

Freese, E. M. & Co. 

International Clay Machinery Co. 

Link-Belt Company. 

Newark Wire Cloth Co. 

Weller Manufacturing Co. 

556— SCRE2E3N» VIBRATING. — The 

vibrating screen is usually a rectangu- 
lar trough, built either of steel or 
wood, equipped with either woven 
wire, piano wire or sheet metal 
screens, and set at such a low angle 
of Inclination (from 10 to 15 deg.) that 
mechanical aid is used to cause a con- 
tinual downward movement of the 
stream of clay. The screens are sel- 
dom more than 4 ft. wide or over 12 
ft. long; generally, they are about 3 
by 8 ft. Either a longitudinal or lat- 
eral movement may be given the 
screen by eccentrics, cranks or ham- 
mers. The clay is brought up by an 
elevator from the grinding apparatus 
and dumped into the upper end of the 
screen. If the impulse given the 
screen be longitudinal, the clay is 
gradually carried downwards by re- 
peated little jars in the direction of 
vibration. If the vibration be trans- 
verse, the clay is thrown from side to 
side and moves to the lower end of 
the screen more slowly. The repeated 
Jar thus imparted with each movement 
also tends to keep the screen mesh 
open. In some makes of vibrating 
screens, the design is such that from 
two to four meshes are used simul- 
taneously. Thus, by using a separate 
discharge outlet for the size of par- 
ticle delivered by each screen, "over- 
size," "undersize** and "Intermediate" 
sizes of screened material may be de- 
livered to as many different sources 
of consumption or points of storage. 
Vibrating screens are fitted with can- 
vas or sheet metal covering to prevent 
loss of dust. (See also Perforated 
sheet metal; and Sieve, testing.) 

MANUFACTURERS (see catalog sec- 
tion): 

Hadfleld-Penfield Steel Co. 
Link-Belt Company. 
Mueller Machine Co., Inc. 
Newark Wire Cloth Co. 
Robinson, Frank H. 
Stevenson Co. 
Weller Manufacturing Co. 

SGRBW CONVBYORt see Conveyor, 
screw or spiral. 

SCUM, see Calcium carbonate; Cal- 
cite; Dryer- white; Soluble salt; Soluble 
salt, prevention of; Barium carbonate 
and Kiln-white. 

SBGER CONES, see Cones, pyro- 
metric. 

557 — SEGER PORCELAIN. — A body 
of composition approximating clay sub- 
stance, 25, feldspar, 30, quartz, 46 parts, 
used principally for the manufacture 
of art pottery (see also Chinaware; 
Porcelain, soft, Seger*s). 

SEGGAR, see Sagger. 

558 — SEPARATOR, CLAY, CENTRIF- 
UGAL*. — ^A small device used to measure 
the various sizes of grains a clay con- 
tains by centrifugal separation. The 
apparatus consists of a fan-motor 
placed with the armature shaft in a 
vertical position; this carries a frame- 
work with eight test-tube holders, 
trunnioned so they can swing outward 
and upward as the frame revolves. The 
disintegrated sample of clay In sus- 
pension In water Is placed In the 
tubes, and whirled at a high speed for 
several minutes. This action causes 
all particles except the finest grains to 
be precipitated to the bottom of the 
tube by centrifugal force; the fine 
grains then being poured off. the tubes 
refilled with water, and the sediment 
again stirred up. The second twirling, 
for a shorter time or at a lower speed, 
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precipitates everything except the fine 
silt, which is likewise decanted off. 
The subs«squent sizes are then mechan- 
ically separated from each other, part- 
ly by settling and partly by means of 
sieves. A very fine degree of separa- 
tion can be obtained by this means, the 
particles in the finest possible lot 
ranging from 1/5,000 to 1/26,000 of an 
inch in diameter, and those in the 
coarsest lot from 1/12 to 1/26 of an 
inch, with a number of intermediate 
lots each composed of particles of 
approximately the same size. (See 
also Elutriator.) 

558^-SEPARATOR, OIL, STEAM, 
ETC. — A separator is an attachment or 
fitting placed in a pipe line to remove 
certain impurities. A steam separator 
is intended to remove all of the water 
which has accumulated in a steam 
pipe. If the pipe is leading to an en- 
gine the separator is placed just above 
the throttle valve, so that only dry 
steam is allowed to go into the cylin- 
der. Water in steam reduces the ex- 
pansive power, and increases the dan- 
ger of a knock in the cylinder and 
even the blowing out of the cylinder 
head. An oil separator is intended to 
separate all of the oil which is found 
in exhaust steam, the oil having be- 
come intimately mixed with the steam 
in the engine cylinder. When the ex- 
haust steam is condensed and used 
again In the boiler, it is necessary to 
remove this oil to prevent "frothing" 
and other troubles In the boiler. 

559A — SETTING CONVEYOR. — This 
Is a belt conveyor which- Is used to 
pick up the ware from a car or barrow 
and convey It to the setter. The object 
and advantage Is to do away with the 
labor of tossing. 

MANUFACTURER (see catalog sec- 
tion): 

Freese & Co., E. M. 

MANUFACTURERS' ANNOUNCE- 
MENTS : 

Freese & Co., E. M., Gallon, Ohio. 
Brick setting elevator and con- 
veyor — a portable conveyor which 
receives the brick from the dryer 
car and elevates them to a posi- 
tion convenient to the setter. 
Eliminates tossing. 

SETTING DOWN-DRAFT AND UF- 
DRAFT KILN'S (see Kiln, down-draft, 
methods of setting; also Kiln, up- 
draft, methods of setting). 

560— SETTING MACHINE— In order 
to obviate and reduce as far as pos- 
sible the labor of setting brick, a 




Setting Machine Handling 1,000 Brick. 



patented mechanical brick setter has 
been developed which is suited to han- 
dle dry-press, stiff-mud, or soft-mud 
brick. The brick are hacked on ears 
according to a standard plan, the bot- 
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torn rows belngr spaced so that equal 
distances are formed between the 
brick. The setting^ !machine has a 
number of fingrers which are inserted 
in the spaces left, as already explained, 
in the bottom row of brick on the 
dryer car. On each of these flngrers 
you see there is a series of grrip plates. 
As soon as the flngrers are inserted in 
these spaces and the machine is raised 
by the crane all the weigrht of this 
load, except the grrip courses, rests on 
the top of these fingrers. The weigrht 
of this superimposed load on the 
flngrers causes these grrip plates to be 
automatically pushed out and exert 
sufficient pressure on the bottom row 
of brick to hold them in place. This 
load is then raised by the crane and 
placed in position in the kiln. As soon 
as this load finds its resting: place in 
the kiln the weigrht of the brick, of 
course, is released from the setting: 
machine. The pressure of the g:rip 
plates is thus automatically released 
and the fing:ers are perfectly free to 
be withdrawn. One man operates the 
crane and two helpers complete the 
crew. These three can set one carload 
or from 800 to 1,000 brick per minute, 
and under favorable conditions can 
replace 20 or more men. In addition to 
the lower labor cost the machine in- 
creases the quality of the brick because 
of the absence of handling:. The loss 
from this cause is very larg:e in some 
plants. 

This machine when used with the 
equipment described under the items 
headed Hacking: machine, Soft mud 
brick automatic dumping: attachment 
and Loading: machine, makes a brick 
plant thoroly mechanical and auto- 
matic. The brick are not touched by 
any man at any point of the process. 
The patents on this machine are owned 
and controlled by the American Equip- 
ment Co., 1619 Conway Building, Chi- 
cag:o, Illinois. 

MANUFACTURERS (see catalog: sec- 
tion): 

American Equipment Co. 
Hadfield-Penfield Steel Co. 

561 — SEVRES PORCELAIN. — ^A re- 
production of the very white, trans- 
lucent ware produced in Japan, and 
characterized by a hie:h feldspar and 
low clay content (also see Chinaware 
and Porcelain, all items). 

sea— SE^'ER PIPE. — These are the 
straigrht pipes, elbows, curves, Junc- 
tions, traps, etc., made of clay, used 
for drains and sewers. They vary in 
inside diameter from 3 to 42 inches, 
and one end of each piece is made with 
a socket so that the pipes can be 
joined together in a continuous line 
and the space between the socket of 
one pipe and the end of the other 
filled with some packing: material to 
make it water-tlg:ht. The leng:th of 
the pipes Is 24, 30 or 36 inches, and the 
thickness of the wall from a half inch 
for the three-inch size to three inches 
for the 42-lnch size. There is also a 
double streng:th pipe made for all sizes 
of 12-inch diameter and larger. Sewer 
pipe are made 'of any vitrifiable shale 
or clay, sometimes with the addition of 
a low g:rade lire clay, that has silica in 
the proper proportion and composition, 
and will be able to stand enoug:h heat 
to enable the fumes or g:ases that arise 
from the salt that is put upon the fire 
to combine chemically with this silica 
to form a glaze or glass on the surface. 
Sewer pipe is always made on a steam 
press. (See also the item Sewer pipe 
clays under classification Clay.) 

SEWER PIPE BARROTV, see Bar- 
row, sewer pipe. 

SETITER PIPE CRANE, see Kiln 
crane. 

SE'WER PIPE DIE, see Die, sewer 
pipe. 

SEl^VER PIPE PRESS, see Steam 
press. 

SEWER PIPE, SALT GLAZED, SUR- 
VJLCK PIMPLING OF, see Salt glazed 
se'wer pipe, surface pimpling of. 

SEWER PIPE TURNER, see Turner, 
se'W^er pipe. 

SHAFT COUPLING, see Coupling, 
slia.ft. 

S«S— SHAFTING. — Shafting is com- 
posed of a number of connected steel 
b&rs, usually solid and cylindrical in 
8lia.pe, which are used to support pul- 




leys, flywheels, etc., or to transmit 
power or motion by rotation. Large 
shafts are sometimes made of hollow 
steel bars. The shape may also be 
square, hexagonal or octagonal. Shaft- 
ing is supported by bearings or hang- 
ers, containing boxes lined with bab- 
bitt metal, rollers or balls. 

MANUFACTURERS (see catalog sec- 
tion): 

Caldwell Co., W. E. 

Freese, E. M. & Co. 

Hadfield-Penfield Steel Co. 

International Clay Machinery Co. 

Mueller Machine Co., Inc. 

Stevenson Co. 

Toronto Foundry & Machine Co. 

864 — SHAFTING, HANGERS FOR. — 

Shaft hangers and pedestals are usual- 
ly some form of heavy cast-iron or 
steel bracket which may be bolted to 
wall, ceiling or fioor, each hanger con- 
taining a bearing to support and facili- 
tate the operation of the revolving 
shaft. Most of these bearings are lined 
with babbitt or other antl-frlction 
metal. Lately, however, roller bear- 
ings for shafting have been installed 
in many Instances, greatly reducing 
the friction, with a consequent sav- 
ing. 

MANUFACTURERS (see catalog sec- 
tion): 

Caldwell Co., W. E. 
Hadfield-Penfield Steel Co. 
International Clay Machinery Co 
Link-Belt Company. 
Mueller Machine Co., Inc. 
Stevenson Co. 

Toronto Foundry & Machine Co. 
Webster Mfg. Co. 

565— SHALE. — That form of clay 
which has a rock-like and in most 
cases a decided laminated or stratified 
formation. It Is essentially red burn- 
ing, and has a burning range slightly 
higher than surface clay. It is used 
extensively in the manufacture of 
building, face and paving brick, sewer 
pipe, hollow and drain tile. Most prof- 
itable shales have a long vitrification 
range. All must be ground in a dry 
pan, hammer crusher, roll crusher or 
disintegrator before being used, de- 
pending on the softness of the shale, 
the amount of impurities present, its 
plasticity and the ware to be manu- 
factured. Shales are usually colored 
grey, blue or red in the raw state, but 
this color gives no Indication of its 
properties. 

SHALE PLANER, see Planer, shale. 

566— SHAPER. — A shaper is a ma- 
chine for cutting or dressing fiat sur- 
faces of metal, in which the metal to 
be worked on is fastened to the sta- 
tionary bed and the cutting tool re- 
ciprocates. It is the opposite of a 
planer but is built to take care of 
smaller work than a planer. The bed 
is perfectly level and can be fastened 
at any height, and it can also be moved 
sideways within certain limits. The 
tool is mounted on a reciprocating car- 
riage which is above the work and has 
long bearings to insure the tool mov- 
ing in the same plane. The carriage 
is adjustable both in speed and length 
of travel. The tool cuts only as it 
goes forward, and the speed of the 
return motion is much faster than that 
of the forward motion. Either the 
tool or the bed, but not both, can be 
made to automatically feed sideways 
and vertically. The cutting tools are 
made of tool steel shaped to make the 
type of cut desired, and at times it is 
advisable to replace the cutting tool 
with a grinding wheel driven by a 
motor. Shapers are suited for finish- 
ing any flat surface of metal, and 
grooves or oftsets in a flat surface. 
See Grinding wheel; Planer, machine. 

567 — SHED. DRAIN TILE.— Used for 
natural drying. Commonly the shed is 
about 14 ft. wide and equipped with 
racks, placed on either side, with a 
passageway thru the center of the 
shed serving as a truck runway. Steam 
pipes under the racks, or other arti- 
ficial methods of heating, are frenuent- 
ly used to assist the drying, ipyj i\\e 
are placed on pallets four or ft " feet 
long, and racked the same a*^®. tick, 
pallets. ^H \)TlC»- 

SHEET METAL, PBRFOHa. ^a 

Perforated sheet metal. ^^^Vrt ^ 

SHEET PACKING, SOq ^^* 

sheet. ^^f 
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568— SHOVEL AND SCOOP, BLAND. — 

The manufacture of hand shovels has, 
in recent years, become a specialized 
business, many differences in designi, 
size and weight, and of material^ used 
in construction, having been made; 
first, to enable the shoveler to handle 
the class of material he is shoveling 
with comparative ease (and thereby 
increase his personal efllciency and 
production), and, second, to increase 
the life of the shovel under the specific 
conditions under which it must be 
used; e. g., the pointed scoop shovel for 
handling crushed rock, coarse g^ravel, 
etc.; the regulation scoop shovel for 
coal and grain; the long-handled, 
muck stick mining shovel for wet 
clays, etc., with a variety of interme- 
diate models for other classes of duty. 

560 — SHOVEL, ELECTRIC. — In gen- 
eral, an electric shovel is a counter- 
part of the steam shovel, except that It 
derives its power from electric 
motors, which may be of any type 
that will operate on the available cur- 
rent. Electric shovels are convenient 
in cold weather, as a simple switch 
connection is the only preparation nec- 
essary to begin operations. The cost 
of current consumed, however, may be 
greater than that of the coal used in a 
steam shovel. Sizes and capacities 
vary as with steam shovels. (See also 
Shovel, power; Caterpillar traction and 
Shovel, steam.) 

570— SHOVEL, POIVER. — The power 
shovel basically resembles the familiar 
type of locomotive crane, having its 
digging mechanism mounted upon a 
rotary bed-plate or turntable and car- 
ried, usually, upon a four-wheeled 
truck. The smaller sizes are mounted 
either upon wide tired traction wheels 
or upon car wheels, designed for any 
narrow gage railway track. The larg- 
er and heavier machines are generally 
mounted on standard gage car wheels. 
Nearly all makes of steam shovels 
have self-propelling trucks. Due to 
improved traction design, modern 
shovels travel by their own power with 
comparative ease. Being mounted on 
a rotary bed-plate or turntable the 
shovel swings in a circle, delivering 
the excavated material at any desired 
point within the radius of its reach. A 
steel or wooden boom is hinged to the 
turntable and supported at an angle 
by guy rods or wires. Provision is 
sometimes made for raising and lower- 
ing this boom by the power of the 
shovel. From the end of the boom a 
dipper or bucket is hung and wires or 
chains provided for raising and lower- 
ing it also. In addition the bucket is 
fastened on the end of a dipper stick 
which passes back and forth thru the 
boom. At the place where this dipper 
stick passes thru the boom a crowding 
mechanism is provided to push the 
dipper into the material to be dug at 
the same time as the dipper is raised 
by the wires or chain. On the outside 
edge or point of the dipper, teeth of 
very hard metal are placed which do 
the digging and scoop the material 
into the bucket. When ready to dump 
the material out of the bucket a catch 
in the bottom Is opened, and the con- 
tents drop out. Some of the small types 
of shovels use a wire rope to pull the 
bucket into the material instead of 
the crowding arrangement described 
above. The bucket travels on a track 
in this type. 

In one type also the crowding mech- 
anism is replaced by an arrangement 
driven by a wire rope. 

Power shovels are operated by one, 
two or three men, depending on the 
capacity and size. They are very 
economical for digging clay or over- 
burden when the average dally output 
is large enough. Some of the smaller 
machines will dig an average of 76 
tons per day economically, but the 
larger machines require 206 or 300 
tons per day. 

Power shovels are driven by steam, 
electricity, or an internal combustion 
engine. (See also Shovel, steam; 
Shovel, electric; Dipper teeth; Cater- 
pillar traction.) 

MANUFACTURER (see catalog sec- 
tion): 
Link-Belt Company. 

571 — SHOVEL, STEAM. — A steam 

shovel is a power shovel which uses 

steam as the source of power. A steam 

shovel is the original power shovel 

and to a certain extent all power 

shovels today are known as steam 

sYvovels. The smaller types are revolv- 




Shrinkage 



CLAY PRODUCTS CYCLOPEDIA 



SUica 



Ingr; that Is, the entire upper struc- 
ture or everything above the trucks 
revolves. The larger machines are 
usually of the railroad type, In which 
the body of the machine stays station- 
ary on the trucks, and only the swingr- 
ingr boom which carries the dipper re- 
volves. There are types of large ma- 
chines which entirely revolve. There 
are several methods of moving steam 
shovels. One type uses trucks and 
runs on rails the same as a railroad 
car. The rails are about six or eight 
feet long, and the track is laid as the 
shovel moves forward. The very large 
shovels run on rails also, but the gage 
is larger and the trucks used are not 
standard railroad trucks. There Is also 
a traction type in which the wheels 
look very much like those on a trac- 
tion engine, that is, they have a board 
tire and do not need any rails. 

There is also an Improved type of 
traction which is described under Cat- 
erpillar traction. 

The mechanism of a steam shovel 
consists of a vertical or horizontal 
boiler, several steam engines of the 
double reversible type, similar to 
those used on a locomotive, etc. The 
boilers are usually fired with coal. 

Steam shovels are operated by one, 
two or three men depending on the 
size. They are very economical for 
digging clay or overburden when the 
average daily output can be large 
enough. Some of the small machines 
will pay for a dally output of 75 tons 
but the larger machines require 200 
or 300 tons per day. 

A 25-ton shovel is capable of mov- 
ing 200 to 225 tons of clay per day; a 
35-ton shovel, 260-325 tons; a 45-ton 
shovel, 300-600 tons; a 60-ton shovel, 
400-1,000 tons. The production de- 
pends upon the size of the dipper used, 
the nature of the clay, and its accessi- 
bility. The dipper, or bucket, gener- 
ally ranges in capacity from ^ yd. to 
Z\^ yds. (See also Shovel, power; 
Shovel, electric; Dipper teeth; Cater- 
pillar traction.) 

572 — shrinkage:. — All clays shrink 
during drying and burning; the first 
stage is known as air-shrinkage; the 
second, as fire-shrinkage. 

In drying clay, the air-shrinkage is 
due to the settling together or slipping 
of the clay particles when the water is 
evaporated. Consequently, the larger 
the amount of water necessary to 
make the clay mass plastic, the greater 
the shrinkage is found to be. For 
example, air-shrinkage is usually low 
in sandy clays, at times being under 
1% in coarse sandy clays, while it Is 
high in very plastic clays or very fine- 
grained ones, amounting at times to 
as much as 12 or 15%. Generally 
speaking, the finely grained clays 
shrink more because of the great num- 
ber of minute grains to be surround- 
ed with water; but the clays are usu- 
ally the more plastic and strong and 
better able to stand excessive shrink- 
ing without cracking. All clays, how- 
ever, that require a large amount of 
water in mixing do not show a high 
air-shrinkage, since the latter will 
vary not only with the amount of 
water added, but also with the texture 
of the materials. 

Fire-shrinkage, like air-shrinkage, 
varies within wide limits, the amount 
depending upon two conditions: (1) 
the quantity of volatile elements the 
clay contains, such as combined water, 
organic matter, and carbon dioxide; 
and (2) the texture and fusibility of 
the clay. Fire-shrinkage may begin at 
a dull red heat, or at the point where 
the chemically combined water begins 
to pass off, and reach its maximum 
when the clay vitrifies, but does not 
increase uniformly up to that point. 

According to Wheeler (Mo. Geol. 
Surv., Vol. XI, p. 121, 1897) the most 
potent factor in fire-shrinkage is the 
size of the grain; the finer the grain, 
the greater the fire-shrinkage, and 
vice versa. 

An accurate knowledge of the air- 
and fire-shrinkage of a raw clay is 
absolutely necessary to correct and 
successful practice in drying and 
burning, and to produce a burned ware 
of the required dimensions. 

The linear shrinkage for drying is 
calculated from the formula 



In reporting drying shrinkage, the 
following information shall be given 
and these values shall be the means of 
results obtained on two test pieces: 

(1) volume shrinkage in percentage 
of the dry volume. 

(2) linear shrinkage in percentage 
of the dry length. 

For determining shrinkage water 
see Plasticity, measurement of. (See 
also Clay Testing; Volumeter; Density; 
and Porosity.) 

The American Ceramic Society Uses the 
Follo^Tlng Standard Tent for Shrink- 
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m which a=:per cent, linear shrinkage 
b = per cent, volume shrinkage 



(1) Slae and Shape of Test Pieces. 

The test pieces shall be made ap- 
proximately 30x30x45mm (1^x1^x1% 
Inches). It is apparent that the dry 
dimensions will vary with different 
clays. 

(2) Preparation of the Clay. 

The clay shall be thoroly dried at a 
temperature above 64 deg. C, but 
under 76 deg. C. and crushed to pass 
a standard No. 20 sieve. It shall then 
be made up with water to a soft, plastic 
consistency and thoroly wedged and 
kneaded by hand. This consistency 
will permit of the careful handling of 
the piece immediately after forming. 

(3) Making Teiit Pieces. 

The test pieces shall be made -n a 
suitable metal mold measuring approxi- 
mately 30x30mm (1^x1^6 inches) by 
any desired length. After making, the 
pieces shall be cut into 45mm (1% inch) 
lengths. The mold shall be thinly and 
evenly oiled with kerosene or a light 
machine oil only as frequently as is 
necessary to keep the clay from stick- 
ing. The test piece shall be formed 
by taking in the hand a lump of clay, 
somewhat larger than required to fill 
the mold, and kneading it into a roll 
approximately the length of the mold. 
It shall then be placed in the mold 
and forced into the corners by blows 
with the cheek of the fist. The excess 
shall then be struck off with a wire 
and the piece slicked with a spatula 
and approximately marked or num- 
bered for identification. Care should 
be taken by the operator to keep his 
hands free from oil. The test piece 
shall be removed from the mold im- 
mediately and transferred to a smooth, 
straight pallet, care being taken not 
to distort it. 

If preferred the test pieces may be 
made in a piston plunger press fitted 
with a die 30mm (1^ inches) square. 
In either event the corners of the test 
piece shall be slightly rounded. 

(4) — Plastic Volume. 

The plastic volume shall be deter- 
mined immediately in a volumeter of 
the Seger type. Kerosene with a 
specific gravity of about u.8 shall be 
used as the measuring fiuid. The vol- 
ume shall be read to the nearest 
0.1 cc. 

(5) Drying. 

After the plastic volume is deter- 
mined the surfaces of the test pieces 
shall be dried lightly with a soft cloth 
to remove the film of kerosene, and 
allowed to dry at room temperature 
until air dry. They shall then be dried 
at a temperature between 64 deg. C. 
and 76 deg. C. for at least five hours 
and finally at 110 deg. C. to approxi- 
mately constant weight. They shall 
not be allowed to cool to room tem- 
perature between these two drying 
operations unless they be placed in a 
desiccator. After the final drying 
treatment they shall be placed in a 
desiccator to cool and remain there 
until the test is continued. 

(6)— 'Dry Volume. 

The dry test pieces shall then be 
allowed to soak in kerosene of the 
same specific gravity as that used in 
the volumeter for at least 12 hours, 
after which the volume shall be deter- 
mined in the same manner as specified 
for the plastic volume In article 4. The 
volume shrinkage shall be calculated 
by the following formula: 

Vp-Vd 

b= xlOO 

Vd 
in which b = per cent, volume shrinkage 
Vp=the plastic volume 
Vd=the dry volume 

574 — SIDERITB. — The carbonate of 
iron (FeCO« = FeO 62.1%, COa 37.9%); 
occurs in clay in three forms: (1) Con- 
cretionary masses, or clay-iron-stones, 
which may vary in size from a fraction 
of an inch in diameter to several feet. 
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These are abundant in certain car- 
boniferous shales, being frequently 
strung out in lines parallel with the 
stratification of the clay. When near 
the surface, siderite concretions fre- 
quently change to limonite. (2) 
Crystalline grains, scattered thru the 
mass, and seldom visible to the naked 
eye. (3) As a film which covers or 
coats other minerals in the clay; also 
changes to limonite if exposed to the 
weather. 

If iron carbonate is finely divided 
and evenly distributed thruout the 
clay, a blue or slate-gray color may 
result. 

Siderite is probably of greatest Im- 
portance in shales, particularly those 
afilliated with coal seams, and may be 
found either in a finely disseminated 
or concretionary form. 

575 — SIEVE, TESTING. — Testing 
sieves are small sieves or screens, 
used to determine the proportions of 
ground clay that will pass thru each 
mesh. They are made round or oblong, 
some for hand or portable use, and 
others for use in connection with small 
screening machines, which are fitted 
with shaking attachments. The 
screens are made of perforated sheets 
for the coarser sizes, and wire cloth 
made of steel or brass wire, for the 
finer sizes. They are made as fine as 
200 mesh. For very fine sieving, lawn 
cloth is used. (See also Lawn.) 

MANUFACTURER (see catalog sec- 
tion): 
Newark Wire Cloth Co. 

670 — SIGNALLING SYSTEM OR 
GALLING DEVICE, INTERDEPART- 
MENTAL. — These consist first of the 
branch telephone systems which have 
stations located at various points thru- 
out a plant or ofiice. A telephone sys- 
tem can be connected to the main lines 
entering the plant from outside or it 
can be a system which is limited to 
the ofiice and plant itself. Either one 
can be arranged to have very loud 
bells or calls located so that a man 
can be reached at any point in a plant 
irrespective of the noise of the ma- 
chinery or other disturbance. There 
are other calling systems in use in 
which a current generated by pushing 
a button causes a strong and piercing 
sound within a horn, similar to auto- 
mobile signals but sharper and more 
piercing if desired. By a system of 
long and short signals any system can 
be made as comprehensive as desired. 

SILENT CHAIN BELT, see Belt, 
silent chain. 

577— SILICA. — A mineral compound 
of one atom of silicon and two of 
oxygen (SiO>), present in clay in two 
forms: (1) uncombined, as silica or 
quartz, and (2) in silicates, of which 
there are several. The most impor- 
tant of these is the mineral kaolinite, 
which probably occurs in all clays, 
and is termed the clay base or clay 
substance. The other silicates Include 
feldspar, mica, glauconite, hornblende, 
garnet, etc. (see these items). 

The free silica or quartz is one of 
the commonest constituents of clay, 
and ranges in size from particles vis- 
ible to the eye down to the finest 
grains of silt. It is very refractory. 

With the exception of kaolinite, all 
of the silica-bearing minerals men- 
tioned above are of sandy or silty 
character, and, therefore, their effect 
on the plasticity or shrinkage of the 
clay will be similar to that of quartz. 
In burning clay, however, the general 
tendency of all is to reduce the shrink- 
age, but their behavior in this respect 
is more individual. (See also Sand, 
and Quartz.) 

678 — SILICA BRICK. — These are 
used widely In construction of by- 
product and beehive coke ovens, open- 
hearth furnaces, iron blast furnaces, in 
the copper smelting industry, etc. 
Their physical property of regular ex- 
pansion peculiarly adapts them to tlie 
construction of modern furnaces which, 
do not require a basic material as the 
lining. The best silica brick are made 
from pure sandstone or quartzite. The 
composition of the best stone is: 
Silica, 98.31%; AhO«, 0.72%; Fe«0«, 
0.18%: CaO, 0.22%; alkalies, 0.18%; 
moisture, 0.35%. The rock is coarsely 
ground, mixed with 2 to 3% lime In the 
form of a milk of lime, and then mold- 
ed into shapes. They are burned in 
kilns at a temperature sufiSciently hierh 
(cone 17-18, 2,700-2,800 deg. F.) to 
form a lime silicate which acts as a 
cement or bonding material. The SfOa 
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averagres 96.6% on these brick, which 
are of a coarse texture and rather 
friable and brittle; they will not stand 
abrasion and are highly corroded by 
basic slagrs. 

Refractory brick makers have ob- 
tained best results with quartzltes. 
The two chief sources of this material 
are Wisconsin and Pennsylvania. 
These averag-e 97% SiOa together with 
alumina, ferrous, and ferric iron. It 
appears that about 3% of impurities, of 
which about one-half are oxides of 
iron, strengthens the brick by the 
formation of incipient slag particles. 
Attempts to use pure quartzite have 
not been conspicuously successful. 

MANUFACTURER OF EQUIPMENT 

(see catalog section): 
Hadfleld-Penfleld Steel Co. 

579 — SIIiICA, HYDROUS.— From ob- 
servation of W. H. Zimmer (see Trans. 
Amer. Cer. Soc, III, p. 25, 1901) it 
would appear that some kaolins carry 
hydrated silicic acid. He experimented 
with a kaolin composed of silica 67.00, 
alumina 24.85, ferric oxide, 0.25, lime 
0.06, and water 17.81, and with artifi- 
cial mixtures containing silicic acid. 
The results of his experiments indicate 
that the presence of any important 
quantity of free hydrated silicic acid 
in a clay tends: (1) To produce an in- 
crease of translucency over that ob- 
tained where the silica used is all 
quartzitlc at equal temperature; (2) 
to bring about an improvement in 
color; (3) to increase the shrinkage 
both in air and in fire; (4) to produce 
a lowering of the temperature at 
which vitrification occurs; (5) a ten- 
dency to warp in drying; (6) a ten- 
dency to form a hard coating on the 
surface of the clay or ware, due to the 
deposition of HaSiOs from water used 
in making wares plastic. 

580— SILICA, PBRCESNTAGS: OF» IN 
CIiAYS. — The results obtained from 
several hundred analyses (see Bull. N. 
Y. State Museum, No. 36, p. 526) show 
that the silica content in several 
classes varies about as follows: 

Brick clays: From 34.35% to 90.877%; 
average, 59.27%. 

Pottery clays: From 45.06% to 
86.98%; average, 46.83%. 

Fire clays: From 34.40% to 96.79%; 
average, 64.304%. 

Kaolins: From 32.44% to 81.18%; 
average, 56.44%. 

SIIilCON-CARBIDE, see Carborun- 
dum. 

581 — SILO-BLOCK MACHINERY. — 

The machine used to form the column 
from which silo blocks are cut does 
not differ materially from the machine 
used for any hollow tile. The cutter 
does differ somewhat, however. Silo 
blocks are longer on the outside of the 
circle than on the inside and the joints 
are not made square with the inside 
or outside of the block. To accomplish 
this the cutter has curved pallets in- 
stead of flat ones as are used for hol- 
low tile, one pallet having a convex 
curve to fit the outside wall of the 
silo, and the next pallet having a con- 
cave curve to fit the inside wall of the 
silo, and the pallets alternate this way 
continually. The cutting wires cut on 
an incline, one wire cutting at an 
angle to the perpendicular one way 
and the next wire cutting at an equal 
angle the other way. The result is 
that the blocks are all alike, one block 
coming off of the cutter with the in- 
side on top and the next with the out- 
side on top. (See Stiff-mud brick ma- 
chinery; Auger machines; Plunger ma- 
chine.) 

MANUFACTURERS (see catalog sec- 
tion): 

Freese, E. M. & Co. 
International Clay Machinery Co. 

8IL-0-CBL. — The trade name used 
by the Celite Products Co., of Chicago, 
for their Insulating brick and bulk 
material. 

682— SILOXICON. — A product made 
In an electric furnace similar to car- 
borundum (see special item), but con- 
tains less carbon and therefore has 
some unreduced silicon. Its composi- 
tion varies, but it may be represented 
by the formula SiaCsO. This material 
is crushed, made into blocks and 
l>rick8, and burned at high tempera- 
ture. This material oxidizes slowly 
above 1,470 deg. C. (2,678 deg. F.), and 
Is used as a refractory substance In 



lining copper and brass furnaces, some 
electric furnaces and to some extent 
clay and zinc retorts. 

583 — SINKING FUND. — This is a sum 
of money which is set apart at definite 
intervals in definite amounts, in order 
that at a certain future time the prin- 
cipal and interest will equal a certain 
amount. It may be the Intention to 
use the gross amount for any purpose, 
for instance, the retirement of a bond 
issue or other debt. A sinking fund is 
often used to take care of depreciation, 
and in that case It is sometimes the 
sum of several items of depreciation 
at various rates. The omission of a 
sinking fund is liable to create an 
erroneously good showing of profits. 

583A — SLABBING OF SEWER PIPE 
AND DRAIN TILE. — This trouble causes 
serious losses at times at some plants. 
After consideration by experienced 
men the remedies to be tried for this 
trouble can be summed up as follows: 
Add grog to the clay if it is fine 
grained or pressed so tightly that care 
in the several stages of burning does 
not remedy the evil; watch that the 
press is properly filled; construct the 
die so that lamination will be reduced 
to a minimum and no air will be con- 
tained between the several layers of 
clay. 

Allow sufficient time for all three of 
the Important stages of burning, 
namely, watersmoking, oxidation and 
vitrification. 

The use of watersmoking thermom- 
eters and pyrometers will assist greatly 
in avoiding this trouble in the burning. 
A standard rate at which to raise the 
heat can be set after the safest rate 
is determined and all future burns 
carried along at this proper rate. 

584 — S L A K I N G. — When immersed 
under water, a lump of raw clay or 
shale falls to pieces or slakes, and 
the process ceases only when the clay 
has broken dowti to a fine powder- 
like mass. Soft porous clays will slake 
in a few minutes; tough shales may 
require several weeks, and may even 
then be incompletely disintegrated. 

The slaking property is of some 
practical value, inasmuch as easily 
slaking clays temper more readily; or 
if the material is to be washed, slaking 
causes it to disintegrate more rapidly 
in the log-washer. 

Clay will slake the same in open 
air, the moisture in the atmosphere 
supplying the water that is neces- 
sary. This is really what happens 
when clay weathers, altho of course 
the water from snow, rain, etc., is 
added. 

585 — SLEEVE, NOZZLE AND RUN- 
NER-BRICK MACHINERY^-Sleeves. 

nozzles and runner-brick are usually 
made on a machine similar to the 
machine used for the manufacture of 
flower pots. The machine is upright 
and resembles a drill press in general 
appearance. The mold or casting to 
form the outside of these shapes is 
held on an extension from the main 
frame in practically the same position 
as the table of a drill press. It is 
stationary, however, and the core or 
casting to form the inside of these 
shapes is mounted on a spindle which 
revolves continually. The operator 
moves this spindle and core up and 
down while it is revolving. This part 
of the machine is almost identical with 
the spindle and drill on a drill press. 
The clay is prepared in another ma- 
chine and cut into balls containing 
the proper amount for the article to 
be manufactured. These balls are fed 
into the flnishing machine described 
above, one at a time, and the core 
on the spindle lowered into place by 
the operator. When the core is raised 
the bottom of the mold acts as a 
plunger and raises the flnished piece 
so that it can be removed and the 
operation repeated. 

MANUFACTURERS (see catalog sec- 
tion): 

Balrd Machine & Mfg. Co. 

International Clay Machinerv Cc 
Stevenson Co. ^ 

SLIP CLAY, see speciflc pai«,v ^h In 
item Clay. ^^^^^^raP"^ * 



586 — SLIP GLAZING.— Th«, ^ /a 

slip glaze is the naturallv QK-ta ^r^tf 
clay. It is mixed with ^ t^ S^^ a 



creamy consistency and 
surface of the ware by 
spraying. The clay alon^ 
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for glazing, or, if it is too refractory 
for the ware, or if it is desired to 
modify the color, fluxing or coloring 
liquids are added. There are several 
slip clays found in this country. They 
differ in composition principally in the 
percentages of fluxes relative to one 
another. The characteristics of a slip 
clay may be classified in this manner: 
Physically, the clay must be very fine 
grrained and free from concretionary 
matter; the proportion of lime and 
magnesia must be high, from 6 to 12%; 
the iron content should be sufficient to 
produce a good brown color — from 5 
to 7%; the clay must be fusible and 
high in alkaline minerals; it must also 
have a low shrinkage in drying and 
must mature in burning as little above 
2,260 deg. F. as possible. 

Ware with large openings — churns, 
jars, etc. — is glazed both Inside and 
outside by dipping. Jugs and other 
pieces of ware having small openings 
are glazed inside by forcibly pumping 
the slip thru a nozzle or spray into 
the Jug, the excess being emptied out. 
Only by the most careful handling can 
marring the glaze be avoided in trans- 
ferring the ware from drying shelves 
to kiln. 

687— S LIP MIXIN G.— When the 
"charge" is completed, the scale-truck 
is pushed alongside the blunger mill, 
into which the materials are shoveled 
in their so-called dry state. Cobalt 
stain, which constitutes less than one- 
tenth of 1% of the total body mate- 
rials, is added, and the entire mass, 
with a measured quantity of water, is 
churned by means of a powerful agitat- 
ing mechanism within the blunger 
until all the Ingredients are thoroly 
mixed and reduced into "slip" and in a 
fluid condition. 

MANUFACTURER OF EQUIPMENT 

(see catalog section): 
Mueller Machine Co., Inc. 

B88— SLIP SIFTING.— After the clay- 
slip has been thoroly mixed it flows 
by gravity to a large vat or container 
called a rough agitator, which con- 
tinues to agitate it to prevent settling. 
From this it either flows or is pumped 
to a sifter machine, the frames of 
which are covered with silk lawn, 120 
threads to an inch, or by closely woven 
copper wire. The meshes of the sifter 
retain the coarse and waste materials. 

An improved English sifter is built- 
on the revolving principle, with two 
or three decks, and is self-cleaning. 

MANUFACTURER OF EQUIPMENT 

(see catalog section): 
Mueller Machine Co., Inc. 

S80 — SLIP TESTING.— This is accom- 
plished by "straining" a sample of the 
slip thru a lawn or sieve, the flneness 
of which will depend on the nature 
of the material and the purposes for 
which it is intended. It is also good 
practice to test a portion of the slip 
with a magnet at frequent intervals 
where white bodies are used, so that 
any particles of iron may be detected 
when present. (See also Density.) 

MANUFACTURER OF EQUIPMENT 

(see catalog section): 
Mueller Machine Co.. Inc. 

SMOKING, see Burning, water-smok- 
ing period of. 

690 — SOAK-PIT. — ^This is simply a 
pit into which the clay, with water 
added, is put and soaked overnight 
preparatory to disintegrating, etc., the 
following day; used chiefly at small 
yards. (See also Ring-pits.) 

MANUFACTURER OF EQUIPMENT 

(see catalog section): 
International Clay Machinery Co. 

691— SODA ASH. — ^A white powder 
used as a flux by potters. The formula 
is (Na«COs), and it melts at 849 deg. C. 
(1,562 deg. F.). 

SOFTENING POINT, see statistical 
section, under fire brick. 

S92— SOFT-HUD B R I C IC — Brick 
made by the soft-mud process — prefer- 
ably from alluvian, surface and loess 
clays — are of necessity less dense than 
those made by other methods. They 
are porous when burned, which con- 
dition is favorable to good color, and, 
when fairly hard burned, possess quali- 
ties of strength and durability. As no 
augers are used in the soft-mud 
process, the brick are usually uniform 
thTuout and free from laminations; 
also, due to the free mobility of wet 
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clay, defects do not arise from press- 
ing the clay into the molds. Building 
brick, Are brick and silica brick are 
the products that are usually made by 
the soft-mud process. 

592A — SOFT HUD BRICK AUTO- 
MATIC DUMPING ATTACHMENT^— 

.This patented automatic dumping de- 
vice for use in connection with soft 
mud brick machines has been developed 
for the purpose of eliminating the hard 
labor required in the operation of this 
class of machines and it, also, makes 
it possible to produce a much better 
brick and have larger capacity units 
than was heretofore practical. The 
attachment consists of a means of feed- 
ing the empty molds to the brick ma- 
chine, and as the filled molds are 
discharged, it successively bumps, 
dumps, sands, and returns the empty 
molds to the machine, while the pallets 
of brick are carried away by conveyors 
as fast as made. The only labor re- 
quired is the operators to attend to 
the sand and supply of empty pallets 
and as all the manual labor of handling 
the molds or pallets of brick is elim- 
inated. It is possible to make molds 
of any desired size from 6 to 16 brick 
each, giving the machine capaoUles of 
from 75,000 to 150,000 brick per day. 

MANUFACTURER (see catalog sec- 
tion): 
Hadfleld-Penfleld Steel Co. 

SIMI — SOFT-HUD BRICK MACHINES. 

— The soft-mud brick machine is built 
on various plans, horizontal and other- 
wise. It consists mainly of a pugging 
mill in the lower part of which clay is 
forced into molds by means of press 
plates or plungers actuated by wooden 
or steel cranks. The molds to receive 
the clay are set in frames and hold 
four to eight brick. These molds are 
fed into the machine from the side 
immediately beneath the press-box and, 
when filled, are automatically pushed 
forward to the "striker-off," who by 
means of a small wire or blade strikes 
the clay off even with the top of the 
molds. 

The sanding of the molds is an im- 
portant part of the process. There 
are two methods of sanding, by hand 
and machine. In hand-sanding, the 
sand is poured into the molds, which 
have previously been dampened, and 
the molds are then shaken and the 
sand dumped out, leaving only enough 
sand clinging to the molds to prevent 
the plastic clay from sticking. 

The mold-sander consists of a rotary 
framework into which the molds are 
placed; the frame is rotated inside of 
a cylindrical shell in the lower portion 
of which is sand, filling the molds 
with the latter and dumping them as 
they go round. A good grade of fine 
sharp sand is best for use with mold- 
sanders. 

The soft-mud brick machine is ordi- 
narily located so that the clay is 
dumped directly into it from above or 
shoveled into it from an elevated plat- 
form. The clay is at this point sup- 
plied with the correct amount of water 
for tempering. The remainder of the 
operation, as indicated above, is auto- 
matic. A soft-mud brick machine 
using six molds has an average capac- 
ity of 35,000 brick per day. The power 
required depends, first, upon the ca- 
pacity of the machine; second, upon 
the nature of the clay used. Soft-mud 
brick machines are used successfully 
for making fire brick and building 
brick. 

MANUFACTURERS (see catalog sec- 
tion): 
Hadfleld-Penfield Steel Co. 
International Clay Machinery Co. 

5M — SOLUBLB SAI<T.— Soluble salts 
in clay may be traced primarily to the 
decomposition of mineral grains in the 
clay deposit, this decomposition result- 
ing in the formation of soluble com- 
pounds. Those met with most fre- 
quently are sulphates of lime, iron, or 
alkalies, and their presence in the clay 
is generally due to the decomposition 
of iron pyrite. If the pyrite is in a 
finely divided condition and well dis- 
tributed thru the clay, the quantity 
of soluble sulphates may be grreatly 
increased; on the other hand, soluble 
sulphates may be present in the 
absence of iron pyrite, being formed, 
in this case, when the carbonates are 
set free, by the decomposition of sili- 
cates, such as feldspar. 

Altho soluble compounds formed in 
the green clay can often be detected 



by spreading the clay out to weather, 
causing them to form a crust on the 
surface of the mass, this weathering 
does not reveal the total extent of 
their presence; for in some cases fresh 
pyrite grains remain in the clay even 
after mixing, and if the clay is stored 
in a moist atmosphere, these remaining 
grains will decompose and yield fur- 
ther soluble material. 

When the clay ware is being dried, 
these compounds are carried with the 
moisture to the surface of air-dried 
ware and form a deleterious scum, and 
frequently a white coating on the clay 
after it has been burned. 

Soluble sulphates may also some- 
times be introduced into the clay by 
the water used in tempering, since 
only distilled water is actually free 
from soluble salts. Even the artificial 
coloring materials sometimes used in 
clay may be a source of soluble salts. 

In burning clay with a sulphurous 
fuel — for example, coal containing more 
or less iron pyrite— combustion of the 
coal expels a part of the sulphur con- 
tent of the pyrite, and this, uniting 
with the oxygen present in the kiln, 
forms sulphuric-acid gas (SOi). If 
this gas, as it is carried thru the kiln 
by convection, is brought into contact 
with carbonates in the clay, the latter 
are converted into sulphates, due to 
the fact that some substances, such 
as lime (CaO), have a stronger affinity 
for sulphur trioxide (SOs) than for 
carbon dioxide (COi). 

It is often noted that the ware as 
it comes from the kiln contains no 
trace of a deleterious surface colora- 
tion or coating, but that later, espe- 
cially if subjected to moisture, it 
develops what is known as wall-white. 
This is probably due to the formation 
of salts within the body of the ware 
during burning, and later brought to 
the surface by the evaporation of any 
moisture absorbed during rainy weath- 
er; or it may come from the mortar, 
either by the direct introduction of 
soluble salts from the mortar, or by 
the reaction between carbonates of 
magnesium, potassium and soda of the 
mortar, with the calcium sulphate con- 
tained in the brick, thus producing 
calcium carbonate. 

The superficial discoloration produced 
by soluble salts during drying of the 
ware is termed dryer-white; the same 
composition caused the trouble known 
as kiln-white, produced in burning. 
Where the surface of the ware, after 
burning, is covered with a yellow or 
green stain, it is probably caused by 
the growth of certain vegetable mat- 
ter or by soluble compounds of the 
rare element vanadium. 

It is estimated that less than 1% of 
soluble salts may produce a white in- 
crustation on the clay. 

505 — SOLUBIiE SALT, PRBVKNTION 

OF. — According to Ries (see pp. 116- 
117, Clays: Occurrence, Properties and 
Uses, pub. by Wiley & Sons, Inc., N. Y.), 
the following methods have been sug- 
gested for the prevention of dryer- 
white and kiln-white: (1) Use the 
clay In its unweathered condition, or 
before the soluble salts have time to 
form. (2) Use the clay in a thoroly 
weathered condition, thus permitting 
removal of salts by leaching. (3) 
Change the soluble salts to a harmless 
form by precipitation with barium 
compounds. (4) Prevent the concen- 
tration of salts on surface of brick by 
rapid firing. (5) Removal of white- 
wash in the kiln by using a reducing 
flame. (6) Coat the brick with some 
combustible substance, such as wheat 
flour or coal-tar, which burns away 
with a strong reducing action and 
removes the whitewash. (Also see 
Barium carbonate, and Soluble salt.) 

595A— SPAR CHINA. — This is the 
type of china usually made in this 
country, as distinguished from bone 
china as made in Europe. The term is 
not used except when it is desired 
to distinguish between the two. Feld- 
spar is used in spar china in the same 
relationship that bone ash or calcium 
phosphate is used in bone china. Hence 
the terms. 

S96 — SPECIFIC GRAVITY. — ^The spe- 
cific gravity of a substance is the 
weight of any volume of it divided by 
the weight of an equal volume of 
water; hence, the specific gravity of 
water is 1.00. 

Applied to clay, specific gravity re- 
fers to the relative density of a clay 
mass. True specific gravity depends 
on the mineralogical composition of 



the clay, and is therefore constant, 
irrespective of its condition. In prac- 
tical terms, however, a clay may have 
one specific gravity when it comes 
from the bank, and a different specific 
gravity with each subsequent manipu- 
lation, due to the variations of porosi- 
ty or compactness that are produced In 
pugging, pressing, drying, burning, 
etc. The specific gravity of a clay is 
usually measured by a volumeter. (See 
this item and also Density.) 

For determining the specific gravity 
of any raw ceramic material the sam- 
ple shall be taken with the same care 
and precision as for chemical analysis. 
For fired materials the sample shall 
consist of at least two portions of the 
test piece or ware, from different posi- 
tions, and the ratio of original surface 
to volume shall not be greater than in 
the whole piece. 

The sample shall be crushed between 
hardened steel surfaces, when crushing 
is necessary, and then ground In an 
agate mortar, to pass a No. 100 sieve 
[0.149 mm (0.0059 inch) opening, 
U.102 mm (0.0040 inch) wire]. In fired 
samples or those not likely to contain 
magnetic material as an original con- 
stituent, any magnetic material pres- 
ent after crushing shall be removed 
with a magnet. About 10 grams shall 
be prepared in this manner, dried to 
constant weight at 100 deg. C, and 
placed in a glass-stoppered weighing 
bottle. 

The picnometer shall be of good 
quality and workmanship with the 
mouth ground fiat so that there shall 
be no rounded recess between stopper 
and bottle when the stopper is in place. 
The stopper with a capillary tube shall 
be used. 

All weighings shall be made on an 
accurate chemical balance to the 
fourth decimal place in grrams, with 
material, and in an atmosphere at a 
temperature of 20 deg. C. -h or — 1 
deg. C. The weight of the bottle and 
stopper dried at 100 deg. C. shall be 
recorded as "p" and the weight of 
the bottle filled with distilled water 
with the stopper in place as Wi. 

About two grams of the sample shall 
be placed in the picnometer (which 
has been dried at 100 deg. C.) and 
weighed with the stopper, the weight 
being recorded as "w." The bottle 
shall then be filled to approximately 
one-third its capacity with distilled 
water, the stopper put in place with 
a piece of paper between stopper and 
bottle to prevent sticking, and boiled 
with care for 15 minutes. The bottle 
shall then be filled with distilled water 
to the base of the neck and allowed to 
cool to 20 deg. C. + or — 1 deg. C. 
When cool and the sample settled, the 
filling shall be completed and the bot- 
tle wiped dry with a soft cloth. 

The true specific gravity shall be 
obtained by the formula: 

w— p 

Gt= 

(w— p) — Cw«— wi) 
in which Gt=the true specific gravity, 

w=the weight of the stoppered pic- 
nometer and sample. 

p = weight of the stoppered pic- 
nometer. 

wi= weight of the stoppered pic- 
nometer filled with water. 

W9= weight of the stoppered pic- 
nometer, sample, and water. 

Two determinations shall be made 
and reported and they shall check to 
within 0.006. 

606A — SPECIFIC HBAT. — The ther- 
mal capacity of a body is the quantity 
of heat required to raise its tempera- 
ture one degree. The ratio of the 
heat required to raise the temperature 
of a certain weight of a given sub- 
stance one degree to that required to 
raise the temperature of the same 
weight of water one degree from the 
temperature of maximum density 39.1 
is commonly called the specific heat 
of the substance. Some writers object 
to the term as being an inaccurate use 
of the words "specific" and "heat." A 
more correct name would be "ooeflA- 
cient of thermal capacity." 

Specific heats of various substances: 

Wrought iron 0.1188 

Glass 0.1937 

Cast iron 0.1298 

Steel (soft) 0.1166 

Steel (hard) 0.1176 

Water 1.0000 

Clay 0.23 

Air 0.237 

Brickwork and 

masonry, about ...... .20 
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Steel 



Silica 191 

Corundum 198 

Quartz 188 

Pine (turpentine) 467 

Fir 650 

Oak 570 

SPESBD INDICATOR* see Indicator, 
speed. 

697 — SPIKB, TRACK. — These are the 
spikes of steel that are used to fasten 
rails to wooden ties. There are several 
sizes g-raded by the measurement on 
one side of the square shank or main 
part. The point is flattened to a chisel 
point and a head is made on the upper 
end so that when the spike is driven 
alongrside of the rail the head will 
catch the flange of the rail and hold 
it on the tie. The usual size of spike 
used on narrow gaige track is the half 
inch. 

MANUFACTURER (see catalog: sec- 
tion): 
International Clay Machinery Co. 

SPIRAL GOXVEYOR, see Conveyor 
screw or spiral. 

888 — SPONGING. — A method of deco- 
rating the cheapest classes of pottery. 
The design is cut out of a fine-textured 
sponge and is used to form designs in 
the same manner as a rubber stamp. 

59»— SPROCKET. — ^A sprocket is a 
metal wheel which has teeth on its 
perimeter (or circumference) engaging 
a chain. The sprocket may drive the 
chain or be driven by the chain, de- 
pending on the function of the shaft 
on which the sprocket is placed. A 
sprocket is fastened to the shaft by 
a key or set screw, the latter not being 
suited for heavy loads. At times a 
sprocket is made in two halves, which 
are clamped onto the shaft by means 
of bolts. This enables the sprocket to 
be placed at any point on the shaft 
desired. Sprockets are usually made 
of malleable iron. They must be made 
to flt each individual chain as the teeth 
must fit the holes provided in the links 
of the chain, and these vary greatly. 
Both the sprocket and the chain will 
wear longer if they flt perfectly. A 
sprocket and chain-drive is suited to 
drive elevators, conveyors, etc., or in 
any place that would require a long 
narrow belt. It is hard to keep a belt 
of this description in place, and the 
chain will cause no trouble. In some 
cases sprockets and chains are used to 
drive automatic cutters, and also, at 
times, in place of an elevator belt. Spe- 
cial links are provided at certain regu- 
lar intervals and the buckets fastened 
to them. (See also Buckets, elevator, 
and Elevators or bucket conveyors.) 

MANUFACTURERS (see catalog sec- 
tion): 
Caldwell Co., W. E. 
Link -Belt Company. 
Webster Mfg. Co. 

SPROCKEST CHAIN, see Chain drive, 
sprocket. 

e04K— STACK. — ^A stack Is a tall chim- 
ney which creates the draft for a kiln 
or boiler. The kiln stack is univers- 
ally made of brick or concrete. The 
concrete stack is usually lined part of 
the way with fire brick. Very often a 
stack will draw from several down- 
draft kilns. This arrangement is made 
by putting partitions of fire brick at 
least half way up the stack. 

All kiln stacks should be braced to 
prevent cracking from unequal expan- 
sion. 

Continuous kilns usually have one 
large stack built of brick or concrete. 
A railroad tunnel kiln has no stack in 
the strict sense of the word. A pot- 
tery or enamel muflle kiln of the "bot- 
tle" type has the stack built into the 
top of the kiln by a continuation of 
the outside wall of the kiln. 

The stacks for stationary boiler 
rooms are of brick, concrete or steel. 
Steam shovels, locomotives, cranes and 
other portable boilers use iron stacks 
exclusively. For a further description 
of stacks as relating to down-draft 
kilns see Kiln, down-draft, design 
and construction of. Kiln, intermittent, 
round> down-draft. 

MANUFACTURER (see catalog sec- 
tion): 
Caldwell Co., W. E. 

601 — STAINING^— P otters' term. 
Stained ware is produced by adding 
color to the glaze. 

603— STAMPING.— Potters' term; re- 
fers to a cheap method of decorating 
goods that is used largely for cheap 
gilt decorations. The design is trans- 



ferred from a slab with liquid gold 
and transferred to the ware in the 
same manner that an ordinary rubber 
name-stamp is used. 

STATIONARY SCRBESN, see Screen, 
stationary. 

STEAM GAGE, see Gage, pressure. 

STEAM PIPE INSULATION, tfee Pipe 
covering. 

e03 — STEAM PRESS. — A Steam press 
is a machine for making sewer pipe, 
large-sized drain tile, conduits, etc. 
The ware Is forced thru a die vertical- 
ly. Above the die is a cylinder con- 
taining a plunger or piston which 
moves up and down. Clay which has 
been properly prepared to a stiff mud 
consistency is fed into this cylinder 
when the piston is at its highest point. 
Above the clay cylinder and connected 
to it is a steam cylinder. In this steam 
cylinder there is a piston which is con- 
nected to the piston in the clay cylin- 
der by several rods. The pistons are 
propelled by the admission of steam to 
the upper cylinder, giving it a down- 
ward movement which presses the 
clay thru a die at the bottom of the 
lower cylinder. The action is then in- 
termittent, the piston receding when it 
has reached its length of ' stroke and 
a supply of clay is needed. The clay 
previously prepared and in plastic con- 
dition is brought to the press on a 
moving belt. Each time' the piston 
recedes, the cylinder is filled with clay 
by throwing this belt into motion. The 
die which forms the ware consists of 
a central bell or core and outer die, 
the space between the core and»the die 
determining the thickness of the wall 
of the pipe. By changing the. dies the 
various sizes of sewer pipe are made. 
It has been found of advantage to have 
the issue, or the distance thru which 
the clay must travel between the dies, 
compressed to its maximum thickness, 
quite long — not less than three inches 
for dies smaller than eight inches, and 
not below four Inches for dies over 
eight* inches in diameter. The basis of 
this recommendation is that where the 
issue is short, blebs of air imprisoned 
in the clay will remain and are apt to 
form blisters on the pipes, whereas 
with a long issue the air will back up- 
wards thru the loose clay and escape 
in the direction of least resistance 
rather than remain In the clay. 

A pipe-table, located beneath the die, 
receives the pipe as it comes from the 
cylinder. This table, which is sup- 
ported by a vertical rod and kept in 
perfect alignment with the center of 
the cylinder, is raised and lowered by 
weights, which may be so adjusted as 
to counterbalance. 

After the pipe is forced out the 
proper length, it is cut by hand, by 
wire, or by means of an automatic 
power cutter, the last forming an 
integral part of the cylinder mechan- 
ism. The length of the piston stroke 
and therefore the maximum length of 
the pipe is about four feet. The 
diameters of the pipes range from 
three or four inches to three feet. 

With plastic clay, traps and bends 
can also be made on the sewer-pipe 
press by the use of special dies which 
have a slide by which the fiow of clay 
from one side to another is regulated. 

If it is desired to make brick or a 
similar product a goose-neck can be 
provided by means of which the de- 
livery of the ware is horizontal in- 
stead of vertical. 

MANUFACTURERS (see catalog sec- 
tion): 

Hadfield-Penfield Steel Co. 

Stevenson Co. 

Toronto Foundry & Machine Co. 

MANUFACTURERS' ANNOUNCE- 
MENTS : 

Stevenson Co., Wellsville, Ohio. In 
the manufacture of socket pipe- 
drain tile-flue lining, etc., great 
care should be taken in choosing 
the necessary equipment to as- 
sure adequate facilities for se- 
curing the largest production of 
satisfactory pieces possible. The 
pulverizing of raw materials and 
the tempering of same must 
necessarily be consistent with 
the tonnage and quality desired. 
The press must be fed at high 
speed and respond Instantly to 
the operator. Our une Is com- 
?ioM ^^ *"'"™ Want installa- 



tions. 
STANDARD FO^ 



PIPE INDUs5^*\)fl^ 

10> *• 



SEWER 



Toronto Foundry & Machine Co., of 
Toronto, Can., manufactures the 
clay working machinery former- 
ly known as the *'Means Clay 
Working Machinery." Our prod- 
ucts are the result of over sev- 
enty-flve years constant atten- 
tion to the needs of the clay 
working industry. We have 
always been eager to adopt new 
ideas that would improve our 
machines. In doing this we have 
kept away from the many so- 
called "freak" innovations that 
were good to look at but were 
Impracticable. We have also put 
into our machines a plenty of 
metal and by so doing we have 
a line of machines that are 
rugged and will stand up to the 
most severe service. The great 
number of favorable reports that 
we constantly receive prove ab- 
solutely that our customers are 
satisfled. We are ready and will- 
ing at any time to give you the 
benefit of our knowledge and 
experience In assisting you to 
solve problems that will confront 
you. We invite you to write us 
and avail yourself of this service. 

STEAM SEPARATOR, see Separator, 
oil. steam, etc. 

STEAM SHOVEIi, see Shovel, steam. 

STEAM SUPERHEATER, see Super- 
heater, steam. 

604— STEAM TRAP. — A steam trap 
is used to drain condensed water from 
a live steam pipe. Its main use in clay 
products plants is in connection with 
a dryer that uses steam as its heating 
medium. In giving up some of its heat 
to the ware In the dryer, the steam 
condenses and as the efllciency of the 
dryer depends on keeping the pipes 
clear of water of condensation, a 
steam trap Is installed. This is serv- 
iceable for dryers in which the steam 
pipe is directly under the floor as in 
a tunnel dryer, or equally as good if a 
fan pulls or pushes air thru a series 
of coils, from whence it is led under 
the ware In the dryer. It is equally as 
serviceable for pipe rack dryers as for 
automatic stoverooms, mangles, etc. 
(See also Dryer, steam; Mangle, dip- 
per's; Stoveroom, automatic and Pump, 
vacuum.) 

STEAM TURBINE, see Turbine, 
steam. 

60»— .STEEL. — Steel was originally 
produced directly from pure iron ore 
by the action of a hot fire, which did 
not remove the carbon to a sufllcient 
extent to form wrought iron. The 
modern processes, however, involve the 
fusion of the ore. and the definition 
of the United States law is that "steel 
is iron produced by fusion by any 
process, and which is malleable." 
Chemically, steel is a compound of 
iron and- carbon generally interme- 
diate in composition between cast and 
wrought iron, but having a higher 
specific gravity than either. The 
following comparison points out the 
distinctive differences between the 
three kinds of iron: 

Cast iron, per cent, of carbon, 6 to 2, 
specific gravity, 7.2. Properties not 
malleable, not temperable. 

Steel, per cent, of carbon, 1.50 to 0.10, 
specific gravity, 7.8. Properties mal- 
leable and temperable. 

Wrought iron, per cent, of carbon, 
0.30 to 0.5, specific gravity, 7.7. Prop- 
erties malleable, not temperable. 

It should be observed that the per- 
centage of carbon alone is not suf- 
ficient to distinguish steel from 
wrought iron; also, that the mean 
values of specific gravity stated are 
in each case subject to considerable 
variation; further, only the hard steels 
are temperable, the softer grades re- 
sembling wrought iron. 

"Acid steel" is that made in a fur- 
nace having a sillcious lining, while 
"basic steel" is that made in a furnace 
with dolomitic linings. These terms 
have no reference to quality and refer 
mainly to process of manufacture, but 
the basic process enables ores high in 
phosphorus to be used, the phos- 
phorus being removed by the addition 
of lime. Acid steel is slightly stronger 
than basic steel, owing partly to the 
higher percentage of phosphorus and 
partly to the effect of the lime in form- 
ing slag in the basic steel. Since 1900 
more than three-fourths of the open- 
hearth steel produced in the United 
States has been basic; the Bessemer 



steel 



CLAT PB0DUCT8 CYCLOPEDIA 



Stifi 



product on the other hand belns: en- 
tirely acid. 

The physical properties of steel de- 
pend both upon method of manufac- 
ture and chemical composition, the 
carbon having: the controllingr influence 
upon strengrth. Phosphorus increases 
strengrth, but it promotes brittleness; 
mangranese increases strengrth in a 
less degrree, and it promotes mal- 
leability; sulphur causes red-shortness, 
or a tendency of the steel to crumble 
while beingr rolled; and silicon in- 
creases hardness. 

FormnlaB for Tensile Strenffth. 

Many formulas have been deduced to 
exhibit the relation between the tensile 
strengrth and the chemical composi- 
tion, but none of these applies to all 
classes of steel. When the percentagres 
of phosphorus and manganese are 
known, the following: formulas which 
have been deduced from the exhaustive 
discussion griven by CampbeU in 1905 
may be used to grive reliable results, 
namely, 
St = 40,000 + 68,OOOC + 100,OOOP + 80,000- 

CM 
St = 48,80O + 65,0O0C+100,O00P + 9,0OOM+ 

40,000CM 

the first being: for acid and the second 
for basic open-hearth steel. Here C 
is the percentag:e of carbon, P that of 
phosphorus. M that of Manganese, and 
St the tensile streng:th in pounds per 
square inch. For example, acid steel 
having: 0.344% of carbon, 0.045% of 
phosphorus, and 0.70% of mangranese 
has a tensile streng:th of 87,200 pounds 
per square inch; basic steel having: 
0.344% of carbon, 0.020% of phosphorus, 
and 0.35% of mangranese has a tensile 
streng:th of 71,100 pounds per square 
Inch. These formulas do not apply to 
eteel with a percentag:e of carbon 
liig:her than 0.75. 

Carbon is the controlling: element in 
reg:ard to streng:th, and the same is the 
case with respect to ultimate elong:a- 
tlon. The higrher the percentag:e of 
carbon, within a reasonable limit, the 
g-reater is the strength and the less 
the ultimate elongation. The product 
of strength and elongation is approxi- 
mately constant, and hence the ulti- 
mate elongation is approximately in- 
versely proportional to the tensile 
strengrth. 

ClaABlficatlons of Steel. 

Steel is frequently classified, with 
reference to its uses, and the follow- 
ing is such a classification giving av- 
erage elastic limits and ultimate 
tensile strengths in pounds per square 
inch and ultimate elongations in per- 
centages. For the elastic limit a varia- 
tion of about 2,000 and for the 
ultimate strength a variation of 4,000 
or 5,000 pounds per square Inch from 
these mean values may be expected. 
The ultimate elongations are subject 
to marked variation according to the 
ratio of the length of the test specimen 
to its diameter; those here given are 
for the standard 8-Inch specimen. 

o ® hi <s 

structural steel 

for rivets 30,000 55,000 80 

for beams and 

shapes 35,000 60,000 27 

Boiler steel 

for rivets 25,000 50,000 30 

for plates 30,000 60,000 26 

Machinery steel . . . 40,000 75,000 20 

Gun steel 60,000 90,000 18 

Axle steel 55.000 100,000 15 

Spring steel 60,000 126,000 12 

Cable wire steel. . .100,000 200,000 8 

A classification of steel according to 
the percentage of carbon which it 
contains and its capacity for taking 
temper or being welded, is as follows: 
Soft, 0.05-0.20C not temperable, 

easily welded 
Medium, 0.15-0.40C, poor temper, 

weldable 
Hard, 0.30-0.70C, temperable, weld- 

ed with diffi- 
culty 
Very hard, 0.60-l.OOC high temper, not 

weldable 
It is seen that these classes overlap 
so that there is no distinct line of 
demarcation, and in fact the words 
soft, medium, and hard, are frequently 



used without precision and only for 
comparative purposes. 

The soft and medium steels resemble 
wrought iron in having a yield point 
which is from 2,000 to 4.000 pounds per 
square inch above the elastic limit, 
while very hard steels have no yield 
point. The elastic limit in tension is 
a littlS higher than one-half of the 
ultimate strength. The modulus of 
elasticity is subject to but little varia- 
tion with the percentage of carbon, 
and the mean value of 30,000,000 
pounds per square inch may be used in 
computations for both tensile and 
compressive stresses that do not ex- 
ceed the elastic limit. The modulus of 
elasticity for shearing is about three- 
eighths of that for tension and com- 
pression. Soft and medium steel will 
withstand a cold-bend test similar to 
wrought iron, but some of the hard 
steels will fail to do so on account of 
their lack of ductility. 

The compressive strength of the soft 
steels may be said to be about the 
same as the tensile strength, since 
when this pressure is reached the 
shortened specimen is badly cracked. 
The soft steels resemble wrought iron 
in being plastic under compressive 
stress exceeding the elastic limit, and 
some authorities regard the yield point 
as the compressive strength. Hard 
steels, on the other hand, are not plas- 
tic beyond the elastic limit, but their 
behavior is like that of brittle mate- 
rials. The compressive strength of the 
hard steels is much higher than the 
tensile strength and in this respect 
they resemble cast iron; the greatest 
value recorded is 392,000 pounds per 
square inch. The shearing strength of 
steel is usually about 80% of the 
tensile strength. 

The strength of steel may be greatly 
increased by the processes of forging 
and drawing. Forging under a ham- 
mer or press renders the material more 
compact and increases both specific 
gravity and strength. The process of 
drawing steel bars into wire has a 
similar result, and wire has been 
made having a tensile strength of 
250,000 pounds per square inch, while 
the wire used for the cables of sus- 
pension bridges usually has a tensile 
strength of from 150,000 to 200,000 
pounds per square inch. By compress- 
ing steel while it is fluid, the strength 
may also be much increased, and this 
process is used for the steel from 
which large guns and hollow shafts 
are made. 

Annealing consists in raising cold 
steel to a light red heat and then al- 
lowing it to cool for several days. 
This process reduces the ultimate 
strength, but it increases the ductility. 
As an example, the following table 
gives some of the results from a large 
series of specimens prepared by the 
Bethlehem Steel Co. in 1893 and now 
kept at Lehigh University; the table 
refers to flat bars of Bessemer steel. 
Annealing increases the capacity of 
steel to resist work. 

Tempering consists in plunging heat- 
ed steel into a bath of water or oil, or 
by applying these fluids to its surface. 
The hardness of the steel and its ulti- 
mate strength are thereby much in- 
creased. Armor plate undergoes spe- 
cial processes of tempering or carbon- 
ization which render it excessively 
hard and tough in order that it may 
resist projectiles which strike it. 
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Steel castings are extensiv^y used 
for axle boxes, cross-heads, aiid ma- 
chine frames. They range in\tensile 
strength from 60.000 to 90,000 uounds 
per square inch and have an elastic 
limit of somewhat less than half: the 
ultimate strength. Altho less reliable 
than steel forgings, they give excel- 
lent service after having been an- 



nealed so as to increase their ductility 
and their capacity to withstand shock 
and work. 

Steel is alloyed with chromium, man- 
ganese, tungsten, and other materials 
in order to increase its strength, hard- 
ness and toughness. Modern tool steels 
contain from 5 to 10% of tungsten, 
which enables the tool to retain its 
temper even when under a red heat. 
Nickel is much used as an alloy for 
the steel of guns and armor plates. 
Nickel steel has been used to a slight 
extent for structural purposes and for 
railroad rails; it contains about 3^% 
of nickel, and has an elastic limit of 
about 48,000 and a tensile strength of 
about 90,000 pounds per square inch. 
Nickel steel has been made with an 
elastic limit of 120,000 and a tensile 
strength of 277,000 pounds per square 
inch, the ultimate elongation being 
about 3%. (See also Tool steel.) 

STEEL. CABLE, see Rope, wire. 

STEEL. SHELL KILN, see Kiln, down- 
draft; design and construction. 

e06 — STEP-PLATE. — A step -plate is 
the plate which carries the upright 
shaft of a dry or wet pan, with all of 
the weight carried by that shaft. This 
varies from 4 tons to 26 tons, depend- 
ing on the size of the pan. The bear- 
ing or step-plate must therefore be 
made to lubricate perfectly. A step- 
plate usually consists of three discs, 
two of them being chilled cast iron, 
one fastened to the upright shaft and 
one fastened to a large casting which 
forms an oil reservoir. Between these 
is a bronze disc. The friction occurs 
between the upper cast-iron disc and 
the bronze disc, and also between the 
bronze disc and the lower cast-iron 
disc. Cut in the faces of the discs 
are oil grooves- designed to give a con- 
stant supply of lubricant to the bear- 
ing surfaces. The discs run in an oil 
bath which can be easily replenished. 
A step-plate should be self-aligning — 
i. e., it should have one face of one of 
the discs rounded so that any inequal- 
ity on the alignment of the pan would 
be discounted automatically. (See also 
Pan, dry; Pan, wet. and Pan and Pan 
Step, how to care for.) 

MANUFACTURERS (see catalog sec- 
tion): 
International Clay Machinery Co. 
Stevenson Co. 
Toronto Foundry & Machine Co. 

607 — STIFF-MUD BRICK.— The term 
"stiff-mud" denotes the distinction be- 
tween this and other methods of brick 
manufacture. For stiff-mud brick the 
clay is tempered to a stiffly plastic 
state containing 15-26% water, so that 
it can be molded, but it will not 
shape or flow under slight pressure 
as clay does when prepared by the 
soft-mud process. The clay, instead, 
is made of such consistency that 
it will flow, under heavy pressure, 
thru a die in the shape of a bar, the 
latter being strong enough to retain 
its form even when subjected to con- 
siderable strain either longitudinally 
or laterally. Still, it must be soft 
enough that, under the pressure of 
coming thru the die, stratiflcation or 
lamination produced by the auger will 
be to the greatest extent eliminated. 
Thoro preparation of the clay before 
it comes to the auger machine is 
essential to the successful manufac- 
ture of stiff-mud brick. 

e08 — STIFF-MUD BRICK MACHIN- 
ERY. — The stiff-mud auger brick ma- 
chine consists basically of a receiving 
hopper and a mixing chamber, in 
which the clay is properly cut, mixed 
and tempered, and thru which it is 
forced, by means of revolving knives 
and an auger, to the brick die at the 
discharge end of the chamber. The 
entirel machine may be built on a suit- 
able framework of- steel, with separate 
housing for the mixing chamber, the 
driving gears and the belt-driven, 
friction-clutch pulley, or the entire 
base may be a heavy, one-piece cast- 
ing, arranged to conveniently house 
all component parts of the machine. 
Stift-mud auger brick machines are 
usually furnished in capacities rang- 
ing from 3,500 to 15,000 brick per hour. 

By the stiff-mud process the clay is 
kept Just wet enough to stick well to- 
gether when worked up in a mass, and 
the brick come from the auger ma- 
chine stiff enough to be stacked six 
to ten high. The brick produced have 
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square corners and straight ends, and 
are perfect in shape and body. 

In issuing: from the brick machine, 
the clay stream runs on the cutter belt 
and is cut by means of wires into 
proper lengrths for brick. On the side- 
cut machines the clay comes out of 
the die the proper width and length 
for brick, and is cut by a side cutter 
into the proper thicknesses. Generally 
a sander is so arranged on the die of 
the end-cut machines that the stream 
of clay is sanded on the bottom to pre- 
vent the brick from sticking to the 
belt of the cutter, and also from stick- 
ing in hacking and burning. Where 
desirable, the sander is arranged to 
sand the clay column on all sides. 

By the stiff -mud process the clay In 
some cases can be worked directly 
from bank into the brick machine, but 
a better and stronger brick is insured 
if the clay is thoroly ground and tem- 
pered by means of a disintegrator and 
pug-mill. If shale or material of a 
hard or flinty nature is used, a dry 
pan is necessary. The feeder flrst re- 
ceives the clay, and from this it drops 
into the disintegrator, which grinds 
the lumps, throwing out the rocks. 
From the disintegrator It falls into the 
pug-mill, to be tempered and mixed 
and passed on to the brick machine, 
which completes the grinding and 
forms the material into brick. 

The nature and condition of the clay 
determine whether all these machines 
are necessary to make flrst-class brick. 

MANUFACTURERS (see catalog sec- 
tion): 

American Equipment Co. 

Bonnot Co. 

Freese. E. M. & Co. 

Hadfleld-Penfleld Steel Co. 

International Clay Machinery Co. 

Steele, J. C. & Sons. 

Williams Patent Crusher & Pul- 
verizer Co. 

MANUFACTURERS' ANNOUNCE- 
MENTS: 

International Clay Machinery Com- 
pany, Dayton, Ohio. Designers 
of complete stiff mud plants and 
builders of all necessary equip- 
ment. See our pages in catalog 
section. 

Williams Patent Crusher & Pulver- 
izer Co., St. Louis, Mo. Manufac- 
turers of the Williams Patented 
Deck Sweeper Clay Grinder for 
reducing wet clay and shale 
direct from bank. 

eOO — STOKBR, HAND OPBRATED. — 

These are built like an automatic 
stoker but are operated by hand. They 
really are inclined dumping grates, 
that get the full efficiency out of the 
coal. The grate part of the stoker 
consists of a sort of rocker grate in- 
stead of a chain grate as in many auto- 
matic stokers. The grate is made so 
that the fire is pushed forward the 
same as in a chain grate, and the 
ashes and clinker are dumped at the 
back. They are used in boilers and in 
kiln flre boxes with very good success. 

610— STOKER, MECHANICAL. — Me- 
chanical stokers, in combination with 
the use of a forced draft, are employed 
in large steam power plants to provide 
means for feeding the coal to the fur- 
naces at a constant, slow and steady 
rate of delivery, the arrangement be- 
ing such as to insure the most efficient 
burning of all the combustible gases 
distilled from the fuel. Stokers 
eliminate smoke to a great extent and 
generally increase the efficiency of the 
plant, incidentally cutting down or 
completely eliminating many of the 
wasteful practices of hand-firing. 
Stokers may primarily be divided into 
four classes: (1) traveling and chain- 
grate stokers, (2) overfeed stokers, 
(3) swift-throwing stokers, and (4) 
underfeed stokers. There are numer- 
ous advantages claimed for each type, 
due to the distinctive features which 
each manufacturer incorporates in his 
product. Full consideration of all con- 
ditions peculiar to his plant should be 
erlven the subject by the clayworker 
before he decides upon which type to 
buy. 

611 — STONEWARE.— Pottery made of 
vitrifiable clays, usually a low-grade 
flre clay, frequently semi-refractory in 
cbaracter, having a vitrified body, 
sometimes of bluish color but never 
-white. The surface is glazed. (See 
a.lso Stoneware clays in classification 
of Clay.) 



MANUFACTURER OF EQUIPMENT: 
Baird Machine & Mfg. Co. 

612 — STONEWARE, ARCHITECTUR- 
AL. — This line includes such stone- 
wares as are used in the construction 
and decoration of buildings. Their 
impermeability and hardness give 
them some advantage over terra cotta, 
but this is somewhat counterbalanced 
by the difficulties encountered in man- 
ufacturing, particularly of the ten- 
dency of stoneware to lose its proper 
shape when being burned. Architec- 
tural stoneware may be dull or cov- 
ered with a salt or other glaze, very 
beautiful decorative effects being ob- 
tained by the use of transparent or 
colored glazes, which harmonize bet- 
ter with architectural decoration than 
the harder tones of opaque enamels. 

613 — STONEWARE, FINE, COMPO- 
SITION OF. — According to E. Bourry 
(see Searle's trans, ed., A Treatise on 
Ceramic Industries, 1911, p. 430), in 
England. feldspathic faience, fine 
stoneware, and bone china are similar 
to one another, being manufactured by 
the same methods and burned at about 
the same temperature, so that it is 
often difficult and sometimes impos- 
sible to distinguish them, one from the 
other. The raw materials of fine stone- 
ware are the same as those used for 
feldspathic faience, but the propor- 
tion of Cornish stone is increased and 
that of the flint diminished as follows: 

Blue clay 10 25 29 46 28.6 

China clay... 16 12.5 14 15 

Flint 20 12.5 

Cornish stone 55 50 57 40 71.5 

The greater the amount of china 
clay the whiter the body; with ball 
clay alone it is yellowish. 

The chemical composition of fine 
stoneware bodies is approximately: 
Silica, 70 to 75%; alumina, 20 to 25%; 
iron oxide, traces; lime, 0.5 to 1%; 
alkalies, 3 to 5%. 

Heavy spar (barium sulphate) is 
sometimes added in large proportion 
(as much as 50%), the amount of 
Cornish stone then being reduced. 

In coloring the body, 0.5 to 1% of 
cobalt oxide gives blue, the same pro- 
portion of chromium oxide gives green, 
7 to 8% of a mixture of iron oxide 
and manganese oxide makes brown, 
etc. For basaltic black, the Cornish 
stone is replaced by a large proportion 
of red ochre and manganese oxide. 

Fine stoneware is frequently dull. 
Sometimes the surface is vitrified by 
covering the inside of the saggers 
with a coating composed of sea salt, 
saltpeter and white lead. The lead 
volatilizes, probably in the form of a 
chloride, and glazes the surface of the 
ware. 

The glazes are usually alkaline, 
boracic or plumbiferous, like those of 
feldspathic faience; sometimes the lead 
oxide and a part of the Cornish stone 
are replaced by barium sulphate. 

614 — STONEl^VARE FOR FOOD AND 
CHEMICAL PRODUCTS.—This class 
includes a line of ewers, pots, cruci- 
bles, etc., mostly known as "common" 
stoneware. The body employed is 
usually a fairly pure vitrifiable clay, 
which does not need to be washed. It 
is carefully prepared and made mostly 
on the wheel. Some pieces, because of 
their complex shape, are made in a 
mold. Ordinarily this species of stone- 
ware is rough or covered with a salt 
or slip glaze when it is desired to make 
the pieces absolutely Impermeable. The 
glaze is usually intended to develop 
a brown; it must melt at the tempera- 
ture which suffices to burn the body. 
The salt glaze is sometimes replaced 
by a cheap glaze, applied (1) by dip- 
ping, (2) with a brush, or (3) by dust- 
ing on the unburn'ed body. These 
stonewares are now generally burned 
in round down-draft kilns. 

615 — STONEl^VARE GLAZING. — 

Stoneware articles are usually covered 
with a glaze. The glazes are made of 
ingredients which, when heated to the 
burning temperature of the wares, will 
fuse and attach permanently to the 
surface of the ware. The term glaz- 
ing means literally the formation of a 
thin surface layer of glass for the 
purpose of decoration or protection of 
the ware on which it is placed. In 
order to serve either or both of these 
purposes, the glaze must run evenly 
when melted and neither craze nor 
shiver after the ware comM from the 
kiln. Glazes must be uniform in com- 
position and, on roug^J"^"J.j^,je8 of 
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stoneware, fuse at a fairly low tem- 
perature. Where color is to be im- 
parted by means of glaze, the coloring 
matter must readily and uniformly be 
absorbed by the glaze ingredients in 
fusion. There are three kinds of stone- 
ware glazes. (See Salt glazing; Slip 
glazing; also Bristol glaze.) 

STONEWARE PAYING TILE, see 

Tile, paving. 

STONEWARE PIPE, see Sewer pipe. 

616 — S TONE WARE, VASES, 
STATUES, AND OTHER DECORA- 
TIVE OBJECTS* — For these articles, 
which are rather expensive, bodies of 
different colors can be employed, and 
they must be saggered with great care 
to allow the use of vitrifiable clays 
without bad effects. The advantage 
of this class of stoneware, as com- 
pared with porcelain or even calcare- 
ous or feldspathic faience, is the 
plasticity of the body which allows it 
to be modeled by hand without em- 
ploying molds, and thereby makes pos- 
sible the creation of original works of 
art that possess, when burned, the same 
qualities of resistance and indestructi- 
bility as stone or bronze, without 
requiring any retouching, or the trou- 
blesome working inevitably associated 
with sculpture. The close grain of 
the body, as well as its color, also 
gives a very agreeable appearance, and 
when glazes are employed, they blend 
exceedingly well with the colored 
background of the body. All kinds 
of glazes and all methods of decoration 
can be employed, altho gilding does 
not yield as fine results as it does with 
porcelain. 

STORAGE BATTERY, see Battery, 
storage. 

617— STORAGE BIN. — Storage bins 
for coal, clay, etc., are a necessity if 
continuous full operation is desired. 
Coal unloading systems usually pro- 
vide a bin for two or three cars and 
if more than this is carried In stock it 
is dumped from a trestle or unloaded 
in the open, often on the ground with- 
out paving. A better system is to 
build concrete walls to form a bin 
so that water can be kept on the 
coal. If this is done there is no chance 
of spontaneous combustion. A crane 
is very useful in handling coal under 
these conditions. At any rate a pav- 
ing or fioor of some kind ought to be 
put under every storage of coal, as it 
will pay for itself In a very short time. 

Storage bins for clay are also of prime 
importance. In some parts of a plant 
it is good practice to have duplicate 
equipment, but that is very expensive 
with the pit and haulage system. 
Breakdowns are sure to occur whether 
the material is dug in an open pit or 
in a mine. In the former case, also, 
the weather conditions have an effect 
on the output. A storage of clay, 
therefore, under cover at the plant is 
a necessity. This can be arranged so 
that it can be fed to the pan, roller or 
other preparing machine automatically 
or with the expenditure of little labor. 

There should be another storage bin 
between the preparing machine, and 
the brick or other finishing machine. 
This is to provide a uniform feed to 
the finishing machine, if the preparing 
machine breaks down for a short time. 
In storing damp ground clay or any 
material that might freeze to the side 
walls of the bin, it is good practice to 
have a space between the inner and 
outer walls of the bin and to have 
steam pipes at intervals in this space. 

All bins should have conveyors of 
some kind in the bottom. There are 
several types of feeders on the mar- 
ket that will empty a bin automatic- 
ally, and if one of these Is not used a 
belt conveyor with removable boards 
on top, which is fed by hand is very 
satisfactory. These boards should be 
about six inches wide and as long as 
the conveyor and frame Is wide. They 
should be placed at right angles to 
the conveyor. (See also Feeder and 
mixer, clay; Conveyor, belt; and 
Trestle.) 

MANUFACTURERS (see catalog sec- 
tion): 
Link-Belt Company. 
Waller Manufacturing Co. 

618 — STOVEROOM, AUTOMATIC. — 

Automatic stoverooms are one of the 
latest improvements in pottery manu- 
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facture. They are really dryers that 
dry the most intricate shape without 
loss. This is done by control of the 
heat and moisture surrounding: the 
ware to be dried. The ordinary dry* 
ers do very well for the plainer shapes 
made of good tougrh clay, but anything* 
made of tender clay or of odd shape 
requires special treatment. The prin- 
ciple of this improved drying system 
Is to have every particle of clay ware of 
the same high temperature, before any 
moisture Is allowed to leave it This 
means that the center of the piece 
will dry as quickly as the outside, 
whenever the moisture is allowed to 
evaporate. As a result no drying 
strains are set up in the ware and 
uniform, almost perfect ware is ob- 
tained. They are used principally in 
the manufacture of pottery and porce- 
lain. (See also Dryer, humidity.) 

MANUFACTURER (see catalog sec- 
tion): 
Philadelphia Drying Machinery Co. 
Proctor & Schwartz, Tno. 

MANUFACTURERS' ANNOUNCE- 
MENTS : 

Philadelphia Drying Machinery Co., 
3351 Stokley St., Philadelphia, 
Pa. Automatic Stove Rooms built 
in many sizes to suit varying 
production requirements. Steel 
construction, insulated with air- 
cell asbestos. Recirculation of 
heated air alternately across 
steam coils and over the ware, 
by means of steel-blade disc fans. 
Automatic temperature and hu- 
midity control attached if re- 
quired. Gives quick, economical 
production. 

STRBTGHBR, BELT, see Belt 
stretcher and tightener. 

619>— -STRIPPING^ — The term strip- 
ping signifies the amount of clay, dirt, 
stone or other material which must bo 
removed in order to be able to dig or 
work the deposit desired. Surface clay 
yards often strip only the grass roots. 
Plants using shale sometimes strip as 
much as 20 or 30 feet, and plants using 
fire clay which cannot be mined eco- 
nomically strip as much at times. In 
almost every case stripping represents 
an unproductive expense and therefore 
the thickness of the stripping and the 
thickness of the deposit which is un- 
covered have a direct bearing on 
whether or not it is profitable to do 
the stripping. Stripping is done by 
power shovels, drag-line scrapers, 
aerial tramways, etc. There is also a 
method called hydraulic stripping. This 
consists in forcing a stream of water 
at high pressure onto the stripping. 
The result is a muddy rivulet which 
carries with it all of the stripping ex- 
cept possibly the very large stones. 
This method is very good and eco- 
nomical where the proper conditions 
exist, and the resultant mass can be 
run into a pit of some kind that is 
lower than the clay deposit. Drag- 
line scrapers, power shovels, and aerial 
tramways can load the stripping which 
they dig, into cars to be hauled to a 
distant point and dumped, or they can 
dump it close to the place where it is 
dug. Power shovels, of course, can- 
not dump any further than their 
booms will reach, but drag-line scrap- 
ers and aerial tramways can dump 
as far as their cables will allow. (See 
also Shovel, power; Aerial tramway; 
Digging machinery, and Excavator, 
drag-line.) 

MANUFACTURER OF EQUIPMENT 

(see catalog section): 
Green, L. P. 

620— STRONTIUM OXIDE. — A fluxing 
ingredient used in porcelain bodies, 
but not frequently because of its high 
cost. It gives a good white to the 
body, toughness, and a very small ten- 
dency to blister. 

SUCTION CONVEYOR, see Convey- 
or, suction. 

621 — SULPHUR. — The amount of sul- 
phur found in different clays varies 
from a mere trace to an appreciable 
quantity, and in the latter case may 



cause serious trouble. For this rea- 
son, the best authorities recommend 
that its quantity In any clay should 
always be determined by chemical 
analysis. Sulphur may be present in 
clay as: (1) sulphate, such as gypsum 
(CaSOi, 2H20), epsomite (MgSO*, 7HjO), 
or melanterite (FeSO«, 7HiO); or (2) 
sulphide, as pyrite (FeSs), or marcasite 
(FeS). Orton and Staley (see Third 
Report of Committee on Technical In- 
vestigation, Nat. Brick Mfrs. Ass'n, 
Indianapolis, 1908) conducted a series 
of experiments on a Columbus black 
shale, running high in carbon, ferrous 
iron and sulphur, and adopted a series 
of conclusions enumerating the action 
of both sulphates and sulphites in re- 
lation to the burning of clay ware, 
and in their opinion the proper way 
to avoid the effects of sulphur in 
vitrifying clay bodies is to apply a de- 
liberate and complete oxidation treat- 
ment while the clay remains porous. 
This will rid the clay of the greater 
part of the sulphur, and will prevent 
sudden or premature slagging of the 
clay by ferrous oxide, if it is true that 
ferrous oxide has such a tendency, and 
will thus avoid, as far as possible, the 
conditions which favor swelling. Clays 
which still give trouble from swelling 
after this treatment must be regarded 
as bad clays. 

e22 — SULPHUR, REACTIONS IN- 
VOLVED IN EXPULSION OF. — Ac- 
cording to Ries (see Clays: Occur- 
rences, Properties, and Uses, 1908 ed.), 
these reactions may be expressed 
briefly as follows, the simpler and 
most probable ones being given: 

Pyrite heated to 400 deg. C. (750 deg. 
F.) gives FeSj-f heat = Fes +S. 

The S in the air catches fire and 
burns to SOa or SO«, but if liberated in 
a clay soft and spongy by heat it may 
attack FeO, CaO or MgO. However, 
most of it probably escapes. 




Cnrveii Showing Infinence of the Carbon 

and Iron on the Rnte of Expulsion 

of Sulphur. (From Rles After 

Orton and Staley.) 



FeS exposed to oxidizing conditions 
might oxidize to ferrous sulphate, but 
further heating to 560-660 deg. C. 
breaks it up, leaving FeO, the latter 
in an oxidizing atmosphere changing 
to FeaO«. 

Calcium sulphate also breaks down, 
but at higher temperatures than fer- 
rous sulphate and less completely. The 
action of carbon in restraining the lib- 
eration of sulphur is explained as fol- 
lows by Orton (see Trans. Amer. 
Ceram. Soc, V., p. 400): 

FeC08 + 425 deg. C. = FeO-f-C02. 

If no free sulphur is liberated In 
the immediate vicinity 

FeO+C + S=FeS+CO. 

This ferrous sulphide cannot be 
broken up by heat alone, but only by 
roasting in air or interaction with 
silicic acid at high temperatures, for, 
as noted by Seger (Collected Writings, 
Translation of, II, p. 646, 1902). silicic 
acid at high temperatures has the 
power of displacing all other common 
acids, and combining with their bases 
to form silicates. It thus has the pow- 
er to replace sulphuric acid, and the 
sulphur of sulphides. Seger found that 
a bisilicate glass mixture, saturated 



with sulphates, showed 4% sulphuric 
acid, while the same glass with one or 
more molecule of silica added and 
melted at the same temperature and 
under the same conditions contained 
but 2% sulphuric acid. Now, in rais- 
ing the temperature of burning, the 
fusing matrix of a clay becomes more 
siliceous, resulting in the expulsion of 
sulphur. 

The diagram above shows the rate of 
expulsion from CSolumbus shale tested 
by Orton and Staley (see also Sulphur). 

823 — SUPERHEATER, STEAM.— A 

superheater is an attachment used to 
heat steam above the temperature due 
to its pressure. Ordinary or saturated 
steam is the steam which comes out 
of the boiler. It contains a certain 
amount of moisture. If superheated 
steam is desired, the steam is led thru 
a series of pipe coils in the upper part 
of the boiler setting, where the heat 
of the gases of combustion reheat or 
"superheat" the steam. This series of 
coils is called the superheater. By 
this process the steam is perfectly 
dried, and the usual difficulties found 
with condensation, etc., are removed. 
Several other advantages are also se- 
cured. When a superheater is In- 
stalled and the pipe line protected by 
a good pipe covering, a steam trap 
or steam separator is not needed. 

624 — SUPPLIES, FOR BUIIiDING 
CONSTRUCTION.— It is the height of 
inconsistency for a manufacturer of 
fireproof materials to build his plant 
of combustible materials; consequently, 
only brick and hollow tile should be 
considered for the outside walls of 
plant buildings. Concrete composed of 
cement, gravel and sand forms the 
best foundations. Lumber is suited to 
the posts, floors and roof. The roof can be 
covered with a prepared paper, gravel, 
tin sheet, asbestos shingles, or what 
is best of all, roofing tile. These can 
be bought as shingles or in the fancier 
shapes. For mortar in the walls of 
the building or the dryer, lime, sand 
and cement are necessary. The floors 
are often made of concrete instead of 
lumber especially around the machines, 
and hollow tile form a very good 
foundation for concrete floors reducing 
the amount of concrete necessary. In 
the better class of buildings the lum- 
ber for posts, floors and roofs is re- 
placed by posts of steel, concrete, 
brick or hollow tile. The floors are 
made of steel beams supporting arches 
of brick, concrete or hollow tile. The 
roofs also are made of steel support- 
ing concrete or hollow tile. (Sypsum 
made into blocks is also used for 
the roofing. The concrete In founda- 
tions, floors, posts and roofs is fre- 
quently reinforced with iron rods, 
expanded metal or heavy wire. Felt 
and paper form good insulation for 
walls and roof. (See also Concrete; 
Foundation; and Galvanized iron.) 

SURFACE FIHPIiING OF SALT 
GLAZED SEl^VER PIPB, see Salt glazed 
sewer pipe, surface pimpllng of. 

625 — Sl^VITCH, ELECTRIC. — ^In using 
electric current two types of switches 
are in common use, the first being the 
ordinary type of knife switch where 
a plate of copper Is pushed between 
two other pieces of copper to make the 
contact. In some cases the switch 
consists of two knives joined by an 
insulated handle. This is the ordinary 
type of open switch. For alternating" 
current and in some cases for direct 
current an enclosed switch is used. 
The best type of this switch is made 
so that the door of the cabinet in 
which the switch is located is locked 
closed when the current is on. In all 
types of enclosed switch a handle to 
operate the switch is placed on the 
outside of a box and the switch on 
the inside. 

MANUFACTURER (see catalog sec- 
tion): 
International Clay Machinery Co. 

SWITCH PLUG, FUSIBLE, see Fuse 
and fuse plug, switch. 

SWITCHES, RAIL, see Frogs, rails 
and switches. 
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ese — TAKJB-UP, BBIjT.— All belt 
conveyors and elevators must be taut 
in order to reduce the trouble caused 
by a sUppingr belt. To accomplish this 
tautness one of the pulleys over which 
the conveyor or elevator belt operates 
is mounted on a shaft havingr boxes 
movable longitudinally with the belt. 
These boxes are controlled by lon^ 
threaded bolts. The belt is tigrhtened 
by screwing: on the bolts until the 
proper tautness is obtained. When a 
belt is cut the take-ups are loosened 
to the extreme, so that as much tigrht- 
ening: as possible can be accomplished 
without recutting. Take-ups are usu- 
ally 12 or 18 inches in length, and of 
course this allows for almost twice 
that stretch in the belt. Almost all 
take-ups are arrangred so that the belt 
can be tigrhtened while operating: and 
in some cases the two bolts are con- 
nected by a chain or by grearingr, so 
that tigrhtening: one bolt tightens the 
other an equal amount. In other cases 
the tendency of a belt to run to one 
side can be corrected by tigrhtenlngr 
one of the bolts. 

MANUFACTURERS (see catalog: sec- 
tion): 

Hadfleld-Penfleld Steel Co. 

International Clay Machinery Co. 

Link-Belt Company. 

Robinson, Frank H. 

Toronto Foundry & Machine Co. 

Weller Manufacturing: Co. 

837— TAIjC. — ^Also known as magrne- 
sium silicate [HiMg:! (SiO«)«] and stea- 
tite. In a finely gnround condition, talc 
is very white in color. It is used in 
the manufacture of porcelains and is 
g:ood for producing: toughness, trans- 
lucency, promoting vitrification, and 
aiding a body in resisting sudden 
changes in temperature. Barringer 
stated that a body containing talc is 
more heat resistant than porcelain and 
much better as an electric insulator. 
(See also Electrical porcelain, all 
items.) 

628— TANK AND TANK TOTITEIU — 

Tanks are used for storage of water, 
and usually they are placed on a tower, 
in order to give ample pressure at 
every point. Water is a very neces- 
sary item in the manufacture of clay 
products, as large quantities are used 
in preparing the clay as well as at 
the boiler room. A tank located on a 
tower is also of great assistance in 
time of fire, no matter how small the 
Are may be. Tanks are made either 
of wood staves, bound by iron hoops, 
or of sheet steel. 

MANUFACTURER (see catalog sec- 
tion): 
Caldwell Co., W. E. 

TEIiBPHONB — ^private: BX- 
CKANGE, see Signalling system or call- 
ing: device, interdepartmental. 

e28A — temperature: absolute. 

— Tbe temperature figured from a point 

called absolute zero. This point is 

arrived at by the laws of Boyle and 

Cliarles that the volume of any gas 

under constant pressure increases in 

proportion to its temperature above 

tills absolute zero. This point is found 

to be 273 deg. below zero or freezing 

point on the Centigrade scale, and 491 

desT- below freezing or 469 below zero 

on tlie Fahrenheit scale. Therefore let 

^ = absolute temperature; let C=deg. 

C. ; let F=deg. F. 

Then A=C-*-273 
A=F + 459 

T'BSBnPBRATVRE REGULATOR, see 
JtefiTU later, temperature. 



TENSILE STRENGTH^— This 

property is estimated on the amount of 
resistance an air-dried clay will ofCer 
to rupture or being pulled apart. Ten- 
sile streiig:th is an important property. 
It baa considerable bearing on the 
problems of handling, molding and dry- 



ing clay ware. High tensile strength 
enables the clay to safely withstand 
the shocks and strains of rough han- 
dling. It also permits the clay to 
carry a large percentage of flint or 
feldspar, grog, and other non-plastic 
materials. High tensile strength and 
high plasticity are often twin proper- 
ties in a clay, but the former opinion 
that high tensile strength and plas- 
ticity are closely related has been 
largely discarded, since it is known 
that a clay low in tensile strength 
may be highly plastic, and a highly 
plastic clay may have but litle tensile 
strength. 

680— TENSILE-STRENGTH TESTING 
MAGHINE. — A form of scale equipped 
with clips which grip the briquette at 
either end, the arrangement being such 
that when pressure is exerted the 
amount of stress necessary to rupture 
or pull the briquette apart is registered 
in pounds pressure. 

631— TERRA COTTA. — A name given 
to a clay product which is usually 
glazed and often highly decorated. In 
recent years terra cotta manufacturers 
have produced effects that closely ap- 
proximate the appearance of different 
kinds of building stones, and in addi- 
tion, the decorative character of the 
designs employed have improved to 
such an extent, and cover such a wide 
range of requirements that few large 
modern buildings are erected without 
the use of a considerable quantity of 
terra cotta. Terra cotta very seldom 
is used for load-bearing purposes, and 
is usually anchored to the steel skel- 
eton of a building. Its chief use is 
as a facing or decorative material. 

TERRA GOTTA DRTER, see Dryer, 
terra cotta. 

632 — TERRA COTTA LUMBER. — 

This is a form of hollow ware flre- 
prooflng, which may contain one or 
more interior cross-webs or partitions 
to give it strength. Terra cotta lumber 
is made by being molded thru a stiff- 
mud die. It is soft and porous, due 
to the addition of a large percentage 
of sawdust to the clay. The sawdust 
burns off in the kiln, leaving the ma- 
terial so soft and porous that nails 
can be driven into it. It is used prin- 
cipally for partitions, both in fireproof 
and non-fireproof buildings. 

MANUFACTURER OF EQUIPMENT 
(see catalog section): 

Hadfield-Penfield Steel Co. 

633 — TERRA COTTA, MANUFAC- 
TURE OF. — The clay used in making 
terra cotta is often first exposed to 
the weather, usually to facilitate dis- 
integration, and then run thru a dry 
pan, following which the ground ma- 
terials are sent to the wet pan for 
tempering; they may then be still fur- 
ther mixed and masticated by a pug- 
mill, either of the vertical or horizontal 
type. Then, as the bar of clay is issued 
from the pug-mill, it is cut into lumps 
which are piled up and kept well 
covered until ready for use. 

Terra cotta is formed by hand, either 
by means of plaster molds or by model- 
ing. Simple forms are wrought in 
plaster molds, but every t^rra cotta 
plant has its staff of skilled artisans 
for the free-hand modeling of intricate 
undercut designs, etc. 

In molding terra cotta it is custom- 
ary to make a plaster mold inside of 
which the clay can be cast. Small and 
simple articles may thus be cast In 
one piece, while the bigger articles or 
special shapes are formed in a num- 
ber of pieces which are Joined together 
as they are set in the building. In 
filling a plaster mold the plastic clay 
is forced into all the crevices and 
corners and spread to a depth of about 
1% ins. over the entire inner fi,!lfooe 
of the mold, after which the aiS^"lre 
connected by clay wall partltr®* in 
strengthen the piece. The »i*^lUI \i 
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then set aside for several hours, giving 
the clay an opportunity to shrink suflll- 
ciently to allow of its being removed 
from the plaster form without danger 
of breaking. Any rough or uneven 
edges are usually trimmed out with a 
knife. 

Terra cotta ware is usually dried on 
steam-heated floors, and. in the case 
of large pieces, necessarily involves a 
slow and careful method of drying 
and handling. (For details, see Dryer, 
terra cotta.) Having been air-dried, 
the green ware is sent to the spraying- 
room, where the slip which Is to form 
the surface coating is sprayed on; this 
slip covers the entire surface in a thin 
layer, and is also to a certain extent 
absorbed by the body of the ware. It 
is commonly a mixture of kaolin, ball 
clay, quartz, and feldspar (or other 
fluxes), to which the required coloring 
agencies have been added; thus it both 
forms an impervious layer on the sur- 
face of the ware and simultaneously 
produces the desired color effect. It 
ofttimes is of such composition as to 
burn to a dull enamel. The demand 
for matt-glazed or semi-dull glazed 
terra cotta is steadily increasing in 
this country, but full-glazed terra cotta 
is rarely used. 

Terra cotta is generally burned in 
circular down-draft kilns of the mufile 
type, ranging in diameter from 16 to 
25 ft. The different pieces of ware 
are set in the kiln surrounded by a 
framework of tiles and pipes of fire 
clay, so that, during burning, no object 
has to support any weight except its 
own. The shrinkage during drying 
and burning may average about 8%. 
The ware is never burned to vitrifica- 
tion. Some manufacturers burn as low 
as Cone 02; but the average burning 
temperature ranges between Cones 6 
and 8. 

MANUFACTURER OF EQUIPMENT 

(see catalog section) : 
American Dressier Tunnel Kilns, Inc. 
Hadfield-Penfield Steel Co. 

684— TEST FURNACE<— A test fur- 
nace is a small kiln that is used to 
obtain quick results concerning the 
quality of clay products. Test furnaces 
are used mostly by the manufactur- 
ers of refractories, iji order to deter- 
mine the heat resistant qualities of 
certain raw clay or manufactured 
ware. They are usually fired by fuel 
oil which is forced into the furnace 
by air under pressure. A temperature 
of 3.300 deg. F. can be reached in the 
space of a few hours. In testing struc- 
tural clay products, a small commer- 
cial kiln is usually employed which 
reproduces actual conditions better. A 
test furnace for the refractory indus- 
try is usually built of iron with a 
brick lining. These furnaces can also 
be used to reproduce the actual con- 
ditions under which refractories are 
used. For instance, the spalling effect 
due to repeated changes in tempera- 
ture, is reproduced by heating brick 
to the temperature desired and then 
plunging them into cold water while 
hot. This can be carried on with a 
number of brick at the same time, and 
repeated heatings and coolings made. 
The percentage of loss gives a good 
indication of the comparative loss from 
spalling. 

MANUFACTURER (see catalog sec- 
tion): 
Stevenson Co. 

TESTING SIEVE, see Sieve, testing. 

63&— TEXTURE. — This term refers to 
the size of grain or fineness of a clay. 
Texture exerts an important infiuence 
on the physical properties, such as 
plasticity, shrinkage, porosity, fusibili- 
ty, etc. Numerous clays have sand 
grains visible to the naked eye, but 
the bulk of clay particles are of a 
microscopic size, and therefore too 
small to separate them with sieves. 
For practical purposes, however, it is 
common to test the texture of a day 
by determining the per cent, of any 
sample that will pass thru a sieve of 
100 to 150 meshes to the inch. If it 
Is necessary to measure the size of all 
the grains found in a certain elay. 
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some more delicate method of separa- 
tion is required. 

Texture is also referred to in classi- 
fying the type of surface of a face 
brick. For instance, there are rou^rh 
textured face brick of different tex- 
tures produced according: to various 
methods, such as stretching: a wire 
across the mouth of the brick die, 
scratching: the surface with nail points, 
stamping:, or otherwise marking: the 
face of the column. 

636 — THERMOMETEIU — A thermom- 
eter is an instrument for indicating or 
recording: the temperature of any ma- 
terial or location. In most thermom- 
eters the expansion or contraction of 
a liquid or g:as is utilized. The com- 
mon form consists of a g:lass tube of 
capillary bore, terminating: in a bulb, 
and containing mercury or alcohol, 
which indicates the deg:ree of heat to 
which It is exposed by the amount of 
space it occupies, as shown by the read- 
ing: at the top of the liquid column on 
a g:raduated scale. This is called an 
indicating: thermometer. A recording: 
thermometer is one which is equipped 
with an arm terminating: in a pen 
which is supplied with ink. The arm 
moves back and forth over a limited 
space as the temperature varies. At 
the same time, a clockwork mechanism 
rotates a g:raduated sheet of paper be- 
neath the pen at uniform speed. As 
the paper is graduated for 24 hours it 
records the temperature for that time. 
Recording: thermometers are suited 
especially to record the temperature of 
dryers, mang:les, automatic stoverooms, 
hot floors, etc. 

Generally, thermometers are used for 
recording: lower temperatures, while a 
pyrometer (see this item) is used for 
such temperatures as are met with in 
burning clay wares. 

MANUFACTURERS (see catalog: sec- 
tion): 
Brown Instrument Co. 
Engelhard, Chas., Inc. 
Rodgrers, L. E., Eng:ineering: Co. 

THERMOSTAT, see Dryer, humidity. 

ear — throwing. — ^This is the old- 
est method of forming: pottery. The 
use of the turning or revolving disc 
dates from at least 8000 B. C. The 
Greeks, who employed a boy at the 
wheel, claim credit for the invention; 
the Chinese, however, claim the proc- 
ess was familiar to their potters 7000 
B. C. The early Italians employed a 
string: to g:lve power; later, like the 
French, they used a largre table un- 
derneath the disc, the table being 
kicked around by the thrower while 
he manipulated the clay with his 
hands. In Staffordshire, Eng., the 
wheel was formerly driven by a large 
flywheel turned by hand, which by 
means of a long rope moved the up- 
right spindle on which the thrower's 
disc was fixed. The wheel is now 
usually driven by steam power and the 
speed regulated by two cones, one of 
which Is inverted. 

The process of throwing is the appli- 
cation of the principle of turning to a 
plastic material. Generally, the wheel 
consists of a horizontal disc rigidly 
attached to the top of a vertical spin- 
dle, to which a rotary motion can be 
imparted. A piece of clay, thrown 
above the disc, is raised to the shape 
of a cone by .the potter's fingers and 
again depressed, this operation some- 
times being repeated two or three 
times to solidify the clay mass. Care 
is taken to remove any slurry that 
appears at the top of the cone, since 
slurry tends to produce cracking of 
the ware. The thrower then begins to 
shape the article, first by hollowing 
out the clay lump with his fingers, 
then by quickly drawing the outer 
edges to the required height, after 
which a tool or profile, made of wood 
or steel, is employed to give the 
necessary shape; the thrower's fingers 
shape the outside of the piece. The 
dimensions of the article are fixed by 
means of gages placed in a rigid hold- 
er arranged conveniently near the 
disc. 

In making large pieces, and often 
in the throwing of china, the thrower 
shapes the clay inside of a plaster 
mold. If the shape required is round, 
as with jugs or vases, all kinds of 
ware can be produced on the thrower's 
wheel. Sometimes, very large pieces 
are thrown in two or three parts and 
l§,ter fastened together. 

Wreathing and cracking are the 
principal faults resulting from throw- 



ing. Wreathing may be produced by 
irregular pressure on the clay during 
manipulation, or by not carefully run- 
ning up the height of the article at a 
rate commensurate with the speed of 
the disc. Cracking is produced by in- 
different manipulation of the clay, the 
thrower not making it sufiSciently 
solid or leaving slurry inside the piece. 
After being formed, the object is 
separated from the disc by running a 
thin wire under it. 

TIGHTENER, BELT, see Belt 
stretcher and tightener. 

038— TILE MACHINERY, ROOFING. 

— In the manufacture of roofing tile, 
the thoro preparation of the clay to 
make it perfectly homogeneous is very 
necessary. If this is not done the dry- 
ing and burning strains which result 
cause a very heavy loss, entailing 
sometimes the success of the plant. 
Usually a small auger machine is 
used which makes a thin ribbon of 
clay, of the desired thickness and 
w^ldth. This is cut into the proper 
length, and pressed into the shape de- 
sired. The press has two or more 
molds which either revolve or slide 
back and forth. At any rate they are 
arranged to dump the finished tile 
onto pallets for drying, as they can- 
not be handled by hand. 

MANUFACTURERS (see catalog sec- 
tion): 
Hadfleld-Penfield Steel Co. 
International Clay Machinery Co. 
Mueller Machine Co., Inc. 

639— TIIiE, PAVING* — These are used 
either for paving or walling. In the 
first case, they are either of terra 
cotta or stoneware; in the second case, 
they are of glazed terra cotta, faience, 
stoneware, or porcelain. Paving tiles 
are usually square or hexagonal; the 
length of each side is from 4 to 12 Ins., 
the average being 6 ins. The thick- 
ness depends on the other dimensions, 
on the method of making and on the 
nature of the body, and varies from ^ 
in. to 3 ins. The body used for paving 
tiles is the same as that for making 
other brick and tile, and the methods 
of molding by hand or producing by 
machinery are identical. 

MANUFACTURER OF EQUIPMENT 

(see catalog section): 
Hadfleld-Penfield Steel Co. 

640— TIIiE, ROOFING. — There are 
three general types of roofing tile: (1) 
shingle or fiat tile, (2) Spanish or 
normal tile, and (3) interlocking tile. 
The quality of roofing tile is determined 
by two standards: (1) artistic, as to 
design and color, and (2) practical 
durability, strength and weight. 

Shingle or fiat tile are simply de- 
signed. The average shingle is about 
15 ins. by % to ^ in. by 6 ins. Holes 
are punched thru the tile to hold it 
to the roof. Shingle or fiat tile gen- 
erally are designed with vertical ridges 
and valleys to present a neat appear- 
ance. Spanish tile are shaped like a 
flattened S. Interlocking tile are rec- 
tangular in outline, generally 9 ins. 
wide by 16 ins. long, with the outer 
surface usually more or less broken 
by vertical lines or corrugations. 

The distribution of weight in tile is 
very important. Shingle tile % in. 
thick weigh about 1,100 lbs. per 10-ft. 
square; the H-in> thick size weighs 
about 1,200 lbs. per square. Interlock- 
ing shingle tile, % in. thick, weigh 
about 800-900 lbs. per 10-ft. square. 
Spanish interlocking tile weigh about 
the same. 

In selecting clay for the manufac- 
ture of roofing tile, the qualifications 
to be considered carefully are, plas- 
ticity, strength, shrinkage, burning be- 
havior, fusibility, color, hardness, and 
porosity. The strength which a clay 
develops In drying is very important. 
Tile ware for the most part is a thin 
cross section and unless it is fairly 
strong large losses will occur in han- 
dling when the ware is being set in 
the kiln, especially if no kiln support 
is provided. Consequently, the clay 
should be able to resist the crushing 
strain of superimposed tile and such 
mode of setting as is most economical. 
A test to determine the tensile or 
transverse strength of the clay is ad- 
visable. 

TIME RECORDER, see Clock; Clock, 
watchman's, and Recorder, time and 
operation. 



641 — TIRE, AUTOMOBILE AND MO- 
TOR TRUCK. — Tires for auto trucks 
are of two general types, pneumatic, 
in which an inner tube filled with 
compressed air is enclosed in a casing, 
and solid, in which the tire is com- 
posed of layers of fabric and rubber. 
Solid tires may be of one piece as 
when they form the entire perimeter 
of the wheel or they may be formed 
of a number of pads or layers of fabric 
and rubber, fastened to the perimeter 
of the wheel. The latter type is espe- 
cially suited for heavy loads and where 
the road is soft. The wear on auto 
truck tires around a clay products 
plant is a large item and care must 
be exercised in deciding which type 
to use and also in keeping cinders, 
iron, nails, boards, wire, etc., out of 
the roadway to be traversed by the 
truck. Some wheels are equipped with 
a flange or other attachment to pre- 
vent the truck getting stuck in mud, 
etc. This attachment is mentioned 
here because it helps to prolong the 
life of the tire. (See also Wheel, auto- 
mobile and motor truck.) 

MANUFACTURER (see catalog sec- 
tion): 
Goodyear Tire & Rubber Co. 

642— TIRE, INDUSTRIAL TRUCK. — 

Tires for industrial trucks are made 
on the same lines as those for auto 
trucks. (See Tire, automobile and mo- 
tor truck.) Solid tires of one piece, 
entirely encircling the rim of the 
wheel, are the ones most used on in- 
dustrial trucks. For handling burned 
ware the tires are often made of iron. 

MANUFACTURER (see catalog sec- 
tion): 
Goodyear Tire & Rubber Co. 

643— TITANIUM. — An element (T.) 
contained in several minerals, among 
them rutlle and ilmenite, which are 
found in clays on close analysis. In 
the ordinary chemical analysis, titanium 
is usually Included with the alumina. 

644 — TOOL STEEL. — Tool steel is a 
steel used for making tools to cut or 
machine other metals. It is high In 
carbon content, as that property is 
necessary to enable it to be hardened. 
Tool steel is made in many various 
commercial bars, etc., so that it can 
be made into almost any type of tool 
desired. Heating, annealing and tem- 
pering tool steel are particular opera- 
tions, and require precaution and ex- 
perience. Heating the tool too high 
will result in "burning" the steel and 
this causes a change In the structure 
which renders it unflt for tools. An- 
nealing, or the cooling of the steel 
after being heated to the proper tem- 
perature, must be accomplished as 
slowly as possible. The slower the 
better. Tempering consists in harden- 
ing the steel more than necessary and 
then toughening it by slow heating 
and gradual softening until it is Just 
right for work. Tool steel Is used 
for lathe tools, cold chisels, hot chisels, 
saws, drills, shaper and planer tools, 
etc. There are several g:rades of tool 
steel containing varying amounts of 
carbon. It is important that the proper 
steel be used for each class of work, 
because a high carbon content will 
produce a harder tool than a low car- 
bon content when both are given the 
proper treatment. A tool does not give 
good service when it is either too soft 
or too hard, and care must be used In 
specifying tool steel for this reason. 

645*^ OURMALIN E. — A mineral 
sometimes found in kaolins derived 
from pegmatites. Large crystals of it 
are often discovered in the kaolin of 
Henry County, Va. 

TOWER, TANK, see Tank and tank 
tower. 

TRACK, RAILMTAY, see Frogs, rails 
and switches. 

046 — TRACTOR AND TRAOTIOlf 
ENGINE. — A traction engine is gen- 
erally considered practically the saoie 
as a locomotive, having a boiler and 
steam engine, but moving on the 
ground without the aid of a track. 
A tractor as known today Is prac- 
tically the same but has no boiler 
and derives its power from either 
electric storage batteries or an in- 
ternal combustion engine. Industrial 
trucks and tractors are almost identlc&l 
as used in clay products plants. Where 
clay must be hauled a mile or more, 
tractors of the type used on road con- 
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struction or on farms are found to be 
suitable. (See also Tractor. Industrial, 
storage battery; and several items 
under Truck.) 

647 — TRACTOR, INDUSTRIAL, 
STORAGE BATTERY.— Two general 
types of storage battery tractors are 
in wide use In the clay products field. 

In one type, the driving system is 
similar to that of the industrial carry- 
ing truck. In this type, the operator 
sits on a spring seat over the battery 
box carried above the truck frame 
proper, and controls the forward and 
reverse movements of the tractor, in 
all speeds, with his left hand. The 
steering is controlled by a lever op- 
erated with his right hand. The left 
foot generally controls the brake pedal, 
and the right foot the circuit breaker 
pedal. This type of tractor is virtually 
a miniature locomotive and may be 
used on rails when equipped with 
flanged wheels. It has a short wheel 
base and consequent turning basis. It 
is well adapted to handling long trains 
of flatcars, trucks, and similar vehicles. 

The other type of storage battery 
tractor is best adapted to pushing or 
pulling single trailers. In this type 
the operator stands on a small, sep- 
arate platform at one end of the truck, 
and at the opposite end Is located an 
automatic or non-automatic coupler. 
The low section of the truck platform 
is thus free to carry a portion of the 
material to be hauled. 

Wide variations in design and capac- 
ity enable the purchaser to choose the 
style and size of tractor best suited 
to the conditions. 

TRAILER, TRUCK, see Truck trailer. 

TRABITVAY, AERIAL, see Aerial 
tramway. 

«48— TRANSFER CAR, — In using 
dryer cars, it is necessary to be able 
to take the loaded cars from any track 
on which they are loaded, and place 
them into any of the dryers. Again 
it is necessary to take the cars from 
any of the dryers and place them on 
the track or tracks going Into the 
kilns. This is done by means of trans- 
fer cars, which are usually of broad 
gage, and capable of carrying one, two, 
or three dryer cars at a time. The 
smaller plants usually ^se labor to 
push these transfer cars, but the larger 
plants use power transfer cars, and 
electricity is very suitable for this 
purpose. 

MANUFACTURERS (see catalog sec- 
tion): 

Eagle Iron Works. 
Hadfleld-Penileld Steel Co. 
International Clay Machinery Co. 
Steele, J. C. & Sons. 
Toronto Foundry & Machine Co. 

648— TRANSFORMER. — A transform- 
er is a machine for changing electrical 
current or energy from one form into 
that of another form. In public utility 
sub-stations rotary transformers or 
converters are very frequently found, 
but the static transformers are the 
type usually employed on a clay prod- 
ucts plant. When current is purchased 
from a public utility, it is generally 
transmitted at as high voltage as pos- 
sible, because of the smaller loss, and 
tne smaller wire required. High voltage 
is dangerous in and around a plant 
and a transformer is used to reduce 
tne voltage to a suitable amount. This 
type of transformer usually consists 
or a box. fastened to a post. On the 
inside of the box the wire of the cur- 
rent from the power station and the 
-wrire of the plant current are wound 
around an iron core in such a way that 
the current in the plant wire is of the 
desired voltage. A transformer is usu- 
ally filled with oil to equalize the tem- 
perature in all parts. Transformers 
are subject to becoming heated. When 
tlie voltage in the plant current is 
lower than in the "primary." the trans- 
former is called a "step-down" trans- 
former. Otherwise it Is a "step-up" 
transformer. ^ 

««0— TRAP.— Traps are attachments 
for draining water out of steam lines 
or heating systems. The colls used 
for heating a building or for a dryer 
must have a trap of some kind to 
remove the water of condensation. 
"When live steam is the heating medium 
a steam trap (see special item under 
that title) is used. When exhaust 
steam is used a vacuum pump (see 



special item under that title) is often 
used, and a vacuum trap is also very 
satisfactory. There are also tilting 
traps that will take care of condensa- 
tion from either live or exhaust steam, 
and some of these are built to return 
the water into the boiler at practically 
the same temperature that it is con- 
densed at. This, of course, may be 
more than 212 deg. on account of the 
pressure. These return tilting traps 
have been known to handle water of 
250 deg., something that a pump can- 
not do. 

TRAY, see Pallet and tray. 

TREAD-PIiATE, see Pan. dry. 

651^TRE8TIiE. — A trestle consists 
of an overhead railway track sup- 
ported by a framework of timbers or 
steel. Ofttimes, storage bins are built 
into the supporting framework directly 
under the track; in other cases, all 
space under the track is left vacant 
for open-air storage. By means of 
trestles and the use of bottom-dump 
cars, clay, shale, coal, etc., may be 
handled and stored with great facility. 
Where bins are used, they may be 
made to serve as hoppers, by means of 
which trucks, wagons and carts can 
be loaded in a very short time at a 
minimum of expense. In addition to 
being used to create a large storage 
space for coal, raw materials, etc., 
trestlework may be used to support 
car tracks running from the pit where 
they cross a creek or ravine, or to 
elevate them above dangerous railroad 
crossings, etc. 

TRIPPER, AUTOMATIC, see Con- 
veyor, automatic trippers for. 

TRIPPER. BELT, see Conveyor, auto- 
matic tripper for. 

TRUCK AND WAGON LOADER AND 
UNIiOADER, see Conveyor, all items 
but especially portable. For unloading 
see Truck dump bodies. 

TRUCK, AUTOMOBILE, see Auto- 
mobile truck. 

652— TRUCK, CRANE, STORAGE 
BATTERY. — The industrial crane truck 
is usually a rigidly built, short, heavy, 
storage-battery vehicle, equipped with 
a swinging crane mounted on its for-% 
ward end. The trucks are built with 
a short wheelbase, which enables them 
to be easily turned in a small space, 
a very essential feature in entering 
aisles, dodging boxes, machinery, etc., 
about the plant. The truck is gen- 
erally equipped with a draw bar for 
hauling trailer cars and the rapid 
transferring of large quantities of ma- 
terial. The charging and care of a 
storage battery is about the same as 
for an industrial storage battery loco- 
motive. One man controls all move- 
ments and operations, both of crane 
and truck. The capacity of the crane 
varies with different makes, but it 
averages about 2,000 lbs. 

MANUFACTURER (see catalog sec- 
tion): 
Hadfleld-Penfleld Steel Co. 

653 — TRUCK DUMP BODIES. — These 
bodies are made so as to unload their 
contents quickly and automatically, 
and generally are of two types. The 
first has a V-shaped body with the 
point of the V downwards. On each 
end of the body a track is built into 
the truck, in order to guide the body 
as it turns to dump its load. The 
dumping is done by pulling a lever 
which holds the body in its upright 
position. The weight of the material 
inside of the body turns It over, be- 
cause after the catch Is opened by the 
lever the material is really balancing 
on one point. 

Another type of dump body is one 
that has the rear end fastened to the 
chassis or frame of the truck, and 
some mechanical means provided for 
hoisting the front end. The end gate 
opens automatically as the body is 
raised and the material slides out. 

Any type of dump body is suited 
to haul coal, ashes, clay, cinders, shale, 
rubbish, excavated material, etc. (See 
also Automobile truck.) 

MANUFACTURERS (see catalog sec- 
tion): 
American Truck Body Co. 
Easton Car & Construction Co. 

MANUFACTURERS' ANNOUNCE- 
MENTS: 

American Truck Body Co., Inc 
Martinsville, Va., manufacture 
the Fontaine Demountable Truck 
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Body, for hauling brick without 
any loss from breakage. Let us 
supply you with these bodies and 
save any claims for damaged or 
defective brick. At the same 
time we can greatly reduce the 
cost of handling your burnt 
product. These features are ad- 
vantageous with any and every 
class of clay products but espe- 
cially with high class ware such 
as face brick, fire brick, etc. One 
oi^^the big advantages of this 
body 18 the demountable feature 
which enables a truck to do any 
kind of hauling. The dump body 
can easily and quickly be re- 
placed by another body that is 
suited to haul coal, ashes or clay. 
This enables the owner of a 
truck to have the efficiency of 
two trucks with the Initial cost 
and operating expense of only 
one. 

Easton Car & Construction Co., 200 
Pulton St., New York. N. Y. 
Easton Scoop Bodies for Fords 
and^Easton Roll-over Bodies for 
Fords and all other makes of 
cars can be furnished in %, l 
and 1% cubic yard capacltfes. 
Bulletins and prices gladly fur- 
nished upon request. See our 
page in the catalog section. 

wSS^'*'^^' HANDPOWBR WARE- 

S?M«?'i?^?-r-^*'*^Power trucks are 

??5li?^H?^*ll^ '/o™ wheelbarrows prin- 
cipally by the fact that a truck usually 

«Sf % ^*rJu*^®? ^'^ ^***c*» the ware is 
SL^JL^'l- The large majority of trucks 

fn^.'^fx,^'^^^ T*"®?!® ^*»"e the large ma- 
jority of wheelbarrows have only one 
Most trucks also have springs. Trucks 
?,^^ especially suited for thrmanufic- 
ture of dry pressed brick, because the 
brick can be handled with more care 

fnVul^S^ ^^rH^^-f^-. '^^^y *r^ also suited 
to handle brick, drain tile or any out- 
put of a stiflf-mud machine made f rSm 
^i^i^^^^ ^^^y* that is put Into a dryinS 
shed direct from thS machine. Pi^f 

i\^L^^^^?^ t**^ ""^i^^ taken to the 

aie ftirniih^S^^- ^^® various makes 
are lurnished in a varletv of aivt^a 

fe'erwidl**'^"' ^'^ feet lon^g °and^w"c5 
MANUFACTURER (see catalog sec- 
Toronto Foundry & Machine Co. 

fr^Sr^rS:^^^ INDUSTRIAI,, ELBC- 

TRIC.--The construction of electric in- 
dustrial or "factory" trucks varies 
greatly, the chief differences bein^ 

whP.l*'' iV,^^^ ^^""^ o' Platfofm use<? 
whether it is a straight platform or 
a drop platform, (2) in the l2™tion 
?a^ ^«%>,!5?j;^^?. ^«^ttery or batteries, 
ill ? ^"® location of the motor, (4) in 
the transmission of power, either by 

7*?j;? 5'"?''® ^' differential gearing and 
chain drive, and (5) in capacity. 

For ordinary purposes, such as for 

fl«7^ US. ^''*^^' "^®' ««^er pipe, etc., a 
flat platform is mounted on springs on 

nrn^i/H*'^®iVv"''®^ «teel Wheels. aSd 
provided with a storag?> battery, ball 
^e^ring motor, ball bearing steering 
head, operating and controlling levers 
Slf5"l^ breaker and brake. Tife moto; 
^J^J battery may be mounted in any 
one of several familiar positions, and 
the power transmitted to one set of 
wheels only or equally to both sets, 
according to design. In either case, 
an operations are controlled by one 
operator who stands on an extension 
platform at one end of the truck. 

The operation of all makes of indus- 
trial electric trucks is so simple that 
they can be run forward or backward 
with equal speed and facility and may 
be operated by unskilled labor. Ca- 
pacities usually range from % ton to 
2% tons. The cost per ton mile for 
a l^-ton truck is estimated at about 
% ct., based on electricity at 7 ota. per 
k. w. hr. One charge of a IVi-ton 
truck battery is generally sufficient 
for hauling a 3,000-lb. load on deck a 
distance of about 66 miles on level, and 
will be able to haul this load up a 
grade of 10% or more. Trucks of 
other capacities may be operated with 
similar economy. Flanged wheels, for 
operating on narrow gage railway 
tracks are frequently provided. The 
electric truck can be used to draw one 
or more light trailers. 
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636 — TRUCK, I«IFT OR ELBTATING 
PLATFORM, HAND AND ELBOTRIC 
POUV'ER. — Elevating: or lift trucks are 
of two general classes, handpower and 
electric 

In the handpower types, the desigrn 
is simple and efficient. The truck con- 
sists of a flat platform mounted on 
four wheels. The wheels may be flat 
tread or rubber-tired for travellner on 
a fairly smooth floor or platform, or 
they may be flanged for operating on 
a narrow-gage railway track. A crank, 
placed at either end of the car, fur- 
nishes the means of elevating. The 
elevating device usually consists of a 
sleeve surrounding the axle with an 
eccentric in the middle and at each 
end. The eccentrics are turned to the 
same diameter. Those on the ends of 
the sleeve run in self-aligning bear- 
ings. The center eccentric carries a 
worm wheel. The operating worms 
are mounted on a shaft running over 
the axles and at right angles to them. 
This worm revolves the eccentric for 
raising or lowering the car. Numerous 
modifications of this design are sup- 
plied by difCerent manufacturers, how- 
ever, with corresponding claims for 
efficiency, ease of operation, etc. 

The electric storage battery lift 
truck is built upon similar lines, ex- 
cept all operations are mechanically 
controlled, and the ease and speed 
with which loads up to 4,000 lbs. may 
be lifted and conveyed from one loca- 
tion in the plant to another make it 
an especially economical time-saving 
and labor-saving factor In plants 
where it is necessary to handle brick, 
tile, sewer pipe, etc., in large quanti- 
ties. The economy obtained In the 
quick dispatch of parts between build- 
ings is further increased, in many in- 
stances, by additional production of 
the departments themselves. 

In operating the electric lift truck, 
the operator stands on an extension 
platform facing the truck, controlling 
its speed with the right hand and 
steering it with the left hand. He 
drives drop platform of truck under 
the loaded pallets, trays or platform, 
pushes the switch which operates the 
lifting mechanism, and immediately 
the truck platform raises and exerts 
a uniform pressure under the loaded 
truck. The lifting device is generally 
controlled by an Independent motor 
which automatically stops when end of 
upward or downward travel is reached. 
The electric lift truck is mounted on 
rubber-tired or flanged wheels, as de- 
sired. 

MANUFACTURERS (see catalog sec- 
tion): 
Freese, E. M. & Co. 
Steele, J. C. & Sons. 
Toronto Foundry & Machine Co. 

657 — TRUCK TRAILBR. — Small wag- 
ons that are fastened to a tractor or 
auto truck and pulled by it. They 
consist either of a frame with four 
wheels and a body which is generally 
suited to the particular work to be 
done, or of the same type of body 
with only two wheels instead of four 
as above. In this case the front part 
of the trailer where the axle for the 
front wheels ordinarily would be placed 
is mounted onto the frame of the truck 
or tractor, and part of the weight 
carried by the trailer is borne by the 
rear wheels of the truck or tractor. 
In clay products manufacture, trailers 
are used principally in hauling clay 
from the pit, and in hauling green and 
burned ware to and from kilns. Trail- 
ers in reality are cars that do not 
operate on a track. See also Car, all 
items; Truck dump bodies; Ball bear- 
ing; Roller bearing. When clay prod- 
ucts are delivered by auto truck, 
trailers can be used to good advantage, 
because they practically double the 
load that can be hauled. Trailers also 



reduce the time necessary to load and 
unload a truck, thus obtaining more 
mileage per day. In addition, the use 
of trailers obviates considerable cost 
in extra handling of the ware at both 
the loading and delivery ends of the 
trip. 

TRUCK HV'HBEL, see Wheel, all 
items. 

607 A— TUBE MILL.— This is a cylin- 
drical mill for continuous fine grind- 
ing of day and similar material in a 
pottery. It is used for material for 
which there are larger requirements 
than can be economically ground in a 
ball mill. 

MANUFACTURER (see catalog sec- 
tion): 
Stevenson Co. 

658— TUBING. — The principal use of 
tubing around a clay products plant 
is the tubes for the boilers. These 
boiler tubes are made of lap-welded 
charcoal iron. This means that the 
two edges of the sheet are laid one 
on top of the other and then welded 
into a tube. Boiler tubes must be 
very accurate as they must fit snugly 
and yet loosely enough thru the holes 
in the heads. Boiler tubes are made 
in diameters varying a quarter of an 
inch from one inch to four inches. 
The next size is 4Vi inches, then five. 
The sizes vary from that to 21 inches 
in diameter at one inch apart. All 
boiler tubes are measured on the out- 
side diameter. Wrought iron and steel 
pipes are also lap-welded tubes. (See 
also Rubber tubing.) 

659— TURBINE, STEAM. — A steam 
turbine is a machine by which the 
energy stored in steam is converted 
into rotary mechanical energry with- 
out the use of a steam engine. The 
steam is impinged on blades which are 
built into a wheel or disc mounted on 
a shaft in such a way that the force 
of the steam makes the wheel or disc 
rotate. When properly proportioned a 
turbine shows greater efficiency than 
an engine because the resultant motion 
does not have to be changed from 
reciprocating into rotary. Large tur- 
bines are used for driving generators 
and alternators, and small turbines are 
now on the market that are especially 
suited to drive fans, blowers, boiler 
feed pumps, circulating pit pumps, etc. 
These operate at as low as 60-lb. pres- 
sure and 1,200 r. p. m. Reduction gears 
are employed when lower speeds ar.e 
required or desired. 

658A — TURNER, SEINER PIPE. — ^In 

making large drain tile and sewer pipe 
the ware is dried on end and almost 
always one end dries faster than the 
other. In order to assist in having all 
parts dry at the same time and also 
to reduce the danger of one end crack- 
ing due to the large shrinkage, this 
class of ware is turned during the 
drying. As soon as the ware is hard, 
the turner is - placed next to the tile 
and raises it on its pallet. Another 
pallet is placed under the other end 
and the turner rolled over so that the 
tile can be placed on the fioor on the 
second pallet. 

MANUFACTURER (see catalog sec- 
tion): 
Stevenson Co. 

660-^rURNING.— This is a process 
used in making and decorating certain 
classes of pottery by means of a lathe, 
which, in many respects, resembles the 
lathes used for turning wood or metal, 
as it consists essentially of a hori- 
zontal shaft to which motion can be 
applied. Formerly the shaft was 
driven by a treadle worked by a 
woman, but this type has largely been 
replaced by the steam lathe. The mo- 
tion in a steam lathe is. derived from 
a disc worked against a pair of cones. 



The disc is controlled by a lever, by 
means of which it can be thrown 
against either cone, thus enabling the 
workman to give the spindle a back- 
ward or forward motion and also to 
regulate the speed of the lathe to a 
certain degree. 

After the forms are made roughly by 
a thrower or on a Jolly, they are given 
to the turner, whose duty it is to 
make them into the exact shape re- 
quired and to finish the surface of 
tne ware. The forms made by a throw- 
er are too soft to be turned without 
first being dried, usually about "leather" 
hard. The form, if a vase, cup, etc., 
is fastened to a fiat disc or chuck, 
which is attached to the spindle of the 
lathe by means of a screw. To hold 
the article in position of the disc its 
surface is covered with slip and the 
article is centered on the disc; a tool 
is then pressed against the clay at 
the point of contact, which welds the 
article to the disc. By means of sharp 
tools the turner then shaves off the 
superfluous clay, as the article re- 
volves, until the required shape is at- 
tained. 

The size is determined by means of 
calipers which have previously been 
set to the required size of the neck, 
middle and foot of the article, the 
height also being measured by a pre- 
viously set gage. The surface Is 
smoothed and polished by means of a 
smooth piece of steel pressed against 
the surface of the ware. The article 
is then taken from the lathe. If the 
bottom needs to be turned, the article 
is reversed and fixed inside a clamp 
lined with clay, and, when centered, 
the turner shapes it as before. 

By the use of milling tools a great 
variety of decorative effects can be 
produced by the turner; the tools are 
small wheels with impressed or sunken 
designs on the edge. Fitted into suit- 
able holders, they are pressed against 
the revolving article and give It the 
required design. 

When the article is removed from 
the lathe, the rough edges are sponged 
smooth. If handles are needed, the 
ware goes to the handler while In a 
soft condition; otherwise It is imme- 
diately dried, preparatory to firing. 
Cups, mugs, double-egg cups and simi- 
lar articles are finished by turning. 
In England, 'little turning Is done in 
earthenware potteries. In this coun- 
try, turning is more often employed 
for fine finishing after the cup or other 
article is made by the Jiggerman. 

MANUFACTURER OF EQUIPMENT 

(see catalog section): 
Mueller Machine Co., Inc. 

661 — TURNTABLE. — Practically any 
revolving platform or table which op- 
erates fiush with the ground or floor, 
the table being designed to carry 
tracks or rails and turn on a central 
vertical pivot. The construction is 
usually such that the center of the 
table is supported by a center post, 
which flts into a turned raceway, and 
by a series of wheels or ball bearingrs 
which support the outer rim of tne 
table as it revolves. 

Portable turntables are also exten- 
sively used in brick kilns. The prin- 
ciple of construction remains prac- 
tically the same as in the flxed-position 
types, except the entire turntable is 
so designed that it can be easily moved 
on skids, or by other means, to any 
desired point. 

MANUFACrrURERS (see catalog 

tion): 
Bonnot Co. 

East on Car & Construction Co. 
Freese, E. M. & Co. 
Hadfleld-Penfleld Steel Co. 
International Clay Machinery Co 
Steele, J. C. & Sons. 



Tour Opinion is Valuable. 



What Do You Think ci This Cyclopedia? 

How Will It Help You Most? 

What Additional Features Would You Like Next Year? 

Will It Assist the Industry to Better Things? 



A Note From Tou Will Be Appreciated. 
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UNLOAD BR. CAR, TRUCK, AND 
WAOOK, see Conveyor, all items, eape- 
clallr portable; Wagon dump body; 
Truclc dump body: Car unloader. 

tgX—VSBD BaUIPHBNT.^Very fre' 
quently a - -- - ... 



certain equipment for a limited time 
and doBB not (eel JuBllfled in a larg^ 
outlay of money because he cannot 
figure a large enough profit or talKb 
enoUBh depreciation to pay for the 
Investment tor a abort space of time. 
In this kind of a case three avenues 
are augKeated for him; first, sell the 



equipment to a used equipment dealer 
when he la thru with it; second, to 
rent the equipment from this Hnnin 
dealer v-'"- — '■ 

equipment from 
greatly reduced 



VACUUM PUHF, ] 






pFpe 



M3 — VACUUM TILAP. — A Bteam trap 
will remove the water of eondensatton 
from any heatlnn system or steam 
colls. A vacuum trap will do this and 
In addition will work on a heating 
system that operates under a vacuum, 
and will retain that vacuum at all 
times. It is a sort of steam trap and 
vacuum pump combined. 

— — - ap- 

mechanlam for controlUne 
and flow of a gas or liquid 
_ pFpe or other conduit. Prac- 
tically all parts of valves are made 
of cast Iron, east brass, cast bronze 
or cast steel. The renewable seats 
and discs are lined with a composition 
over the area ol Breatest wear (see 
tollowine additional class es). 

MS — VALVK, BLOW-orP. — These 
are used at the lowest point In the 

SIpe line connected to a boiler, that 
I, the lowest point after passing the 
check valve. Tbay are used to b low- 
down a boiler, i. e., remove the scale 
and sediment that is bound to accumu- 
late. They are usually of two types. 
a plug valve In which a casting of the 
shape of a frustrum of a cone turns 
Inside of another casting. At one point 
the plug has a hole thru which the 

tain percentage of water is blown by 
the force of tSe pressure in the boiler. 
Thia hole must be large enough to 
aSord flow at the full capacity of the 
pipe. The other type Is a Y blow-oB 
■ » 1b practically the a " " 



apoken of above, which are opened and 
closed by the slide valve. Practically 
all ateam pump valves, especially of 
the boiler feed type, are slide valvea. 
The rocker valve is turned by rods 
as the engine revolves. There Is usu- 
ally a valve for the Inlet and outlet 
for each end of the cylinder, making 
(our tor each engine or each cylinder 
lound engine. In turning, a 



the engine, 
speed of "■ 
the point 
•67— V<l 
SYSTEIM.- 
in a bin, : 
feeding t 
when Tt 1 



which the 






e must be provided for 



I guides and using 
.. .^...L ,.„ ui,ou ui' close the valve — 
i. e., to slide the sheet-steel gate back 
and forth in the guides as desired. 

MANUE'ACTURERS (see catalog seo- 

Iilnk-Belt Company. 

Weller Manufacturing Co. 

668 VALVE, PIPE BASIC TYPES 

OF.— A gate-valve is one in which the 
part to control the flow Is moved up 
and down at right angles to the flow. 



part 



that when closed 



gate 



of 



removed. A swinging or sliding 
: is provided on the rnslde of the 
vo which as stated above works auto- 
Ically. The main use for a check- 
'e is in the boiler supply line, so 
1 whenever the pump or Injector 
ihut oft the check-valve will auto- 
ically close and thereby prevent 



' of flguW 



which the 
sntrolled by 
sting which 



I that regulates 



t Angle Needle Valv< 



.. __ _ : the boiler la 

opened before and closed after the 
second valve or the one farthest from 
the boiler. By this arrangement the 
first or Inside valve is never opened 
or closed while there Is any flow of 
sediment passing, thereby reducing the 
wear on Its disc and s — ""- ' 



' slide valve and 



travels the s 
revolution of the en- 
' 'ely opens 



Into I 
this t. 



g the valve ehi 



SeclloB of HorlaOBtal ( 



'"", 



nits. B 



that if the level becomes too 
liquid will be put into the 
" " ' '0 high the sup- 



nfe, and" i"r"ii 
piy will be cut ore. 

A float-valve is of ve 
in a tank for storing w 
if the tank Is overhead 

A check-valve is on 
matlGally closes when I 
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Lter, especially 
which auto- 



which Is machined to fit it." A plug" 
valve is suited to any place where 
quick opening and closing are advan- 
tages, such as on a boiler blow-off. 

A globe-valve baa a ring or di- 
aphragm cast Into the Inside o( the 
main casting, and the rest ot the valve 
Is made so that all of the flow must 
pass thru this ring when the valve is 
This ring Is called the seat, 
nt tight against 
valve Is closed, 
...... ..>„^.. u, ,„,c. Is provided for 

ovlng the disc at right angles to the 



A disc 



ring whe 



-actically the 
ixoept that it 
lere the pips 



An angle-valve is 
same as a globe-valvr 
is placed at a point 
makes a right-angled 

placing an elbow. Tl., „. 

the disc Is parallel with one pipe and 
at right angles with the other. 

Globe and angle-valveB are placed 
in pipe lines supplying steam, water, 
oil, etc., at any convenient point, wher- 
ever It is desired to be able to control 
or shut off the supply. 



le^dle- 



by 



r needle working agal: 
a seat of the same Rlie, 

The valvea used in teedlng Kaaolli 
kerosene, and most lubricating oils e 
of the needle type because the adjUL. 
" ' ■ I be regulated with 
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«70 ^ valve:, pump. RVBBBB. — 

This Item refers to the hard rubber 
valves used In the water end of a 
pump. They are about 3% Inches in 
diameter and a half Inch thick. There 



New York BeltlnK & Packing Co. 
U. S. Rubber Co. 
eroA — VALVB. ste:am for. steam 

PRBSS^-The valve on a steam press 
is of special construction. Htted so 
that the downward and the upward 
travel of the piston are controlled by 
one lever. 

MANUFACTURER. (aeo catalog see- 

Stevensdn Co. 
«T1 — VANADICM, — A mineral element 
whose compounds are Ingredients In 
some clays, especially Are clays. Sol- 
very high temperature. This often ap- 
pears In the ease of pieces of terra 
cotta. This discoloration can be washed 



will 



intini 



rendered Insoluble b 



When stopcock in lower part of 
-■-- — -- ■- "-- Jar tilled with 



liquid 'up'~to" . .. 

tube, m, the liquid stands 



1 glas 



point In burette. 

For determining volume of clay, the 
jar is fliled with oil, ordinary kerosene 
with HPeclflc gravity of O.S (which 
must he accurately known), having 
been found eatlsfactory (see la. Geol. 
Surv,, Vol. XIV. p. 107. 1904). 

After jar Is tilled, the burette Is 
drawn full of the liquid by suction 
thru the rubber tube, and held full 



by 



irette 



by 



... tans of a plnch-cock on the rubber. 
The stopper la now removed and the 
test piece of clay (still plastic and 
permeated with water) Is carefully 
wiped dry of the coating film and put 



SectlOB at Globe V 



e wKk Reaewable 



1 against It 
, It Is auto- 



erated faster than „ . 

the pressure thereby Increa 
safety-valve will permit the ( 



IS, the 



escape. This, ot .^ .- 

prevent the explosion or rupture of 
the boiler from too high a pressure. 

ass — VALVB, PIPB SPECIAL. — These 
are merely variations of the types 
described In the previous Item, but 
given special names which spring- from 
the service to which they are adapted, 
as follows: 

A presaure-regulatlng-valve is one 
that keeps the pressure In the second- 

ter what the pressure In ttie Initial 
pipe or container. 



eotloB of Baglnc Stop-Valve 



__.. _. eturn-valvB 

closes off a boiler as soon as its pres- 
sure Is lowered below that carried in 
other boilers connected with It, and, 
vice versa, cuts In that boiler when 
Its pressure is equal to that In the 
-"■— ■--■■-— Thus collapse of one 
prevenLa any erect upon the 
This type of valve also pre- 



An emergency ' 



other boiler 



A throttle-valve tor a steam engine 
Is usually of the angle type. 

An engine Btop-valve Is one by which 
an engine can be quickly stopped by 
pushing a button or pulling a string 
at a distant point. (See also Valve, 
pipe, basic types ot.) 



era — vault, sapbtv. — Thes 

really large safes that are gei 

portable, but r 



_ comblnat ., 

hould be used by every plant if the 
lafe Is not large enough to protect alt 
'alUBble papers from the danger of 
Ire. Good practice justifies making the 
■ault large enough to hold all corre- 
ipondence flies. If this Is done a fire 
vlll not destroy the records that are 



■e also vaults 
□ rtable. These 
in ofllce where 



fireproof. The door has a combination 
lock. They are seldom large enough 
to hold correspondence Hies. 

VESICULAR STRUCTURE, Bee Burn- 
ing, results of overflring. 

VIBRATIKO SCREEN, see Screen. 

07»— VISCOSITY.— Viscosity Is deter- 
mined by measuring the time required 
for a clay slip to flow thru an orifice 
E/32 of an Inch in diameter and divid- 
ing It hy the time required for the 



.,_antlty of wa.,. _. 

tube. 

The term viscosity is also applied to 
the property of clays during fusion. 
After a clay has been heated to a 
point of complete vitrification, a little 
further but variable rise In tempera- 
ture is accompanied hy both swelling 
and softening of the clay, until It flows 
or gets viscous. The viscosity of the 
clay might be termed Its 



VITHIFICATION, see Burning, vitri- 
fication period of. 

m4 — VIVIANITB — A mineral (Fe.P.Oi 
-H8H,0) discovered in certain Pleisto- 
cene clays of Maryland, In which It 



able effect on clays, 
large quantities, is u 



I porosity and specific j 



bulb. b. and 



a bent tube for the attach! 
bber tube, this tube being 
t the liquid Into the buret 



etween thumb and finger, the middle 
artlon does not sag; Tn thle regard. 
11 samples should be " -^ -- 



Care 



I takei 






of 



the liquid in placing block of clay 
in the Jar. To prevent this, and to 
avoid breaking or otherwise marring 
the test piece by dropping it into the 

■' ■ This float Is con- 



vith 1 



»ch end. i 



that It 



' be 



bent- wire rods. 



necessary, but It may be dispensed with 
when the clays are burned. The stop- 
per Is now replaced, and by releasing- 
the plnch-cock. d. oil from the burette 
Is allowed to How back into the Jar 
untll It stands at the top of the mark 
on the short tube. 

The volume of clay Is then Indicated 
by the height of the liquid In the 
burette above the lero mark. Th* 
piece of clay Is taker 



Wad 
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Water 



When dry, the clay Is heated to 230 
degr. F. to expel all hygrroscopic mois- 
ture and. after weishingr. it is placed 
in a vessel of oil until saturated. This 
usually requires from three to six 
hours for small test pieces approxi- 
mately 3 by 1% by 1% ins. When 
saturated the piece is again weigrhed 
and its volume measured as before. 
Having: now the wet and dry volumes, 
the percentagre of cubical shrinkage in 
drying: is easily calculated. 



In measuring: fire-shrinkage, it has 
been found good practice to use the 
same test pieces that were employed 
to determine drying shrinkage. In the 
case cited, these pieces were placed in 
a small muflle-furnace and burned to 
a temperature of 700 deg. to 800 deg. C. 
(1,292 to 1,472 deg. F.). By burning 
at this heat, dehydration and oxidation 
of the clay were completed; this is 
about the temperature at which com- 



mon, porous, red building brick Is 
burned. For many clays, vitrification 
has not begun at this heat, and they 
are left in the most porous condition 
attained during any part of the burn- 
ing process. 

The results of a number of deter- 
minations made on Iowa clays show 
that in two cases there was a slight 
expansion of the mass, indicated by a 
minus fire-shrinkage. 



W 



676 — ^WAD-SCIUBBZING. — ^When pot- 
tery is placed in the saggers for firing, 
it is necessary to seal the saggers 
before they are placed in the biscuit 
or glost kiln to prevent direct action 
of the flame upon the ware. To do this, 
long sausage-like rolls of clay are 
placed between the saggers. These 
wads are made by squeezing crude clay 
mixed with a percentage of sand thru 
round dies, by means of a wad-mill, 
similar in construction to a pug-mill. 

MANUFACTURERS OF EQUIPMENT 

(see catalog section): 
International Clay Machinery Co. 
Mueller Machine Co., Inc. 

677— lVAGON< — A wagon is commonly 
known as a vehicle having four wheels, 
onto which a bed is fastened, and 
drawn by horse power. Its principal 
uses around a clay plant are to haul 
coal, ashes, cinders, rubbish, etc. In 
making any new foundations wagons 
are very good for hauling the excavated 
material and the sand, cement, etc. 
This is also true of any additions or 
improvements. Quite often surface 
clay plants and shale plants of small 
capacity use wagons to haul the raw 
material to the grinding or preparing 
machinery. Most wagons are made so 
that a solid bed can be put on to haul 

grain or anything of that nature and 
also so that a dump body can be used. 

(See also Wagon dump body.) 

MANUFACTURER (see catalog sec- 
tion): 
Hadfield-Penfleld Steel Co. 

678— WAGON DUMP BODY. — A dump 
body of this kind is one that fits 
on an ordinary wagon body. The body 
usuallv has a bottom that will drop 
and allow the material in the wagon 
to fall as soon as a lever, located near 
the driver, is thrown. These dump 
bodies are very serviceable for haul- 
ing clay, ashes, coal, etc. 

MANUFACTURER (see catalog sec- 
tion): 
Hadfleld-Penfield Steel Co. 

"WAGON LOADER, see Loading ma- 
chine. 

679— WALL TILE.— The body of wall 
tile is made of white burning clay, 
and is burned Just hard enough to 
resist scratching with a knife, being 
therefore very porous. Wall tile are 
molded in dry-press machines. They 
are then burned in saggers in a biscuit- 
kiln, after which they are removed and 
glazed, and then fired in a muffle-kiln 
at a much lower temperature. A great 
variety of shades, colors, and styles 
of decoration are produced. Sometimes 
the decoration consists of a relief 
design that has been Impressed on the 
surface of the clay during molding; 
again, different colored glazes are used, 
or a considerable variation in shades 
of one color can be produced by vary- 
ing the thickness of glaze over differ- 
ent parts of the tile. Print-work and 
liand-painting are also occasionally 
employed. 

MANUFACTURER OF EQUIPMENT 

(see catalog section): 
Mueller Machine Co., Inc. 

•80 — WALL-WHITE. — Sometimes 
brick come from the kiln without 
any trace of superficial discoloration 
or coating, but after they are sub- 
jected to moisture, an efflorescence ap- 
pears; this is termed wall-white. (For 
cause, see Soluble salts.) The remedy 
seems to lie in making the walls in 
ivbich these brick are used as imper- 
vious as possible by the use of well 
burned brick, thereby preventing or 
S'reatly reducing the absorption of 



moisture; also by equipping the walls 
with proper drainage and water- 
proofing the foundations. Parafflne or 
linseed oil will conceal the white in- 
crustation, but will also make the 
brick darker; the walls may also be 
painted, but the paint is liable to peel 
off in the damp spots. 

681— WASHING TROUGH.— Washing 

troughs are used in preparing for the 
market certain clays which contain 
finely divided impurities which can not 
be effectively removed by screening 
or handpicklng. The equipment con- 
sists of an immense cylindrical or rec- 
tangular trough which contains a 
revolving shaft that carries a series 
of arms or stirrers. The clay may be 
taken directly from the bank to the 
washer, or may first be soaked, in a 
pit to slake it. As the clay is put 
in the washing trough a stream of 
water is turned on it, and the revolv- 
ing blades break up the clay so that 
it goes more readily into suspension. 
The water, with the suspended clay, 
then passes out at the opposite end 
from which the water entered. 

By the time the water reaches the 
end of the troughing, which may have 
a total length of 500 to 700 ft. or more 
and have a gentle slope of not more 
than 1 in. in 20 ft., nearly all the 
sand has been dropped and the water 
and clay, after passing thru a screen 
of about 80 or 100 mesh, enter the 
settling tanks. 

In order to economize space, the total 
length of the troughing is divided 
among several short troughs placed 
side by side, so that, during the wash- 
ing process, the water and clay follow 
a zigzag course. Sometimes, in the 
case of very sandy clays, sand wheels 
are placed at the upper end of the 
troughing. These are wooden wheels 
bearing a number of iron scoops on 
their periphery. As the wheel revolves 
the scoops pick up the coarse sand 
which has settled in the trough and, as 
the scoop reaches the upper limit of 
Its turn on the wheel, by its inverted 
position it drops the sand on a slant- 
ing chute, which carries it outside the 
trough. 

The settling tanks are of wood, usu- 
ally about 4 ft. deep, 8 ft. wide and 
40 to 50 ft. long. They are usually 
placed parallel to each other and as 
soon as one is filled, the water and 
clay are diverted to another. When 
the clay has settled, most of the clear 
water is drawn off, and the cream-like 
mass of clay and water in the bottom 
of the vat is drawn off by means of 
slip pumps and forced into the filter- 
presses. When the water has been 
squeezed out the press is opened, and 
the sheets of clay are sent to the 
drying-room or racks. 

Washing is applied chiefly to kaolins 
and other pottery clays, but is carried 
out to a less extent on fire clays, 
glass-pot clays, and ball clays. 

W^ATGHMAN'S CLOCK, see Clock, 
watchman's. 

682— WATER COLUMN.— These are 

attachments to a boiler for showing 
the height of water on the inside. They 
usually consist of a malleable casting 
which is placed so that the lower end 
will be below the lowest level of water 
that it is desired to carry, and its 
upper end will be above the highest 
level of water that it is desired to 
have. Both the lower and upper ends 
are connected to the boiler by pipe, the 
lower end having its pipe Just above 
the highest point of the tubes and the 
upper end having its pipe connectpd 
in the top of the boiler. The Water 
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column has three gage cocks which 
are valves that can be opened to deter- 
mine the height of the water in the 
boiler. The water column is also fitted 
with a gage glass, which is a tube 
of glass showing the exact level of the 
water in the boiler. The gage glass is 
supplementary to the gage cocks, but 
it gives continuous rndications and 
therefore is more eflflcient than the 
cocks which give indications at only 
three points and only at intervals 
when opened. Either the cocks or the 
glass may become clogged so that it 
is advisable to use both to check on 
one another. 

683— WATER GAGE COCK. BOILER. 

— In addition to gage glasses which 
are mounted on a water column to 
indicate the height of water in a boiler, 
gage cocks are used. These are usu- 
ally three or more in number, at the 
lower end, middle and upper end of 
the water column. Each gage cock is 
really a valve which screws Into the 
water column, and the other end 
of which exhausts in the open. In 
place of the regular valve han- 
dle, gage cocks are often equipped 
with chains, which can be pulled by 
the operator to open the valves. 
Springs are provided for closing the 
valves. Since either gage cocks or 
gage glasses can become clogged it is 
advisable to use both. (See also Water 
column.) These same gage cocks can 
be used to indicate the level of water 
in a tank. etc. 

684 — ^WATER GAGE GLASS, BOIL- 
ER, ETC, — Tubes of glass of various 
sizes, about five-eighths inch in diam- 
eter and 14 inches long being the 
average size, which are used to show 
the level of the water in a boiler. A 
gage glass really forms a part of the 
water column, and therefore its lower 
end is placed above the tops of the 
tubes, and the water enters the gage 
glass in this way. The upper end is 
connected with the steam pressure in 
the boiler. The glass should be placed 
so that the limits of the high and low 
mark of water can be shown on it. A 
gage glass must be made to withstand 
the pressure exerted by the steam, 
and also the differences in temperature 
between the steam in the tube and the 
atmosphere on the outside. 

685 — ^WATER IN CLAY. — Clay con- 
tains two kinds of water in variable 
amounts: (1) mechanically combined 
water or moisture, and (2) chemically 
combined water. 

Mechanically combined water is that 
which is held In the pores of the clay 
by capillary action, and fills all the 
spaces between the grains. When the 
grains are small, the clay may absorb 
and retain a large amount of water. 
If the grains exceed a certain size, 
capillary action is largely lost, and 
the water, when poured on the clay, 
quickly drains away. Thus fine- 
grained clays show high powers of 
absorption and retention, and coarse, 
sandy clays show a condition of min- 
imum absorption. 

Clay being very hygroscopic, greedily 
absorbs moisture when thoroly dry, 
and may, according to Seger, take up 
as much as 10% of its weight.. 

Water held mechanically in a clay 
will ^ass off partly by evaporation, but 
can practically all be driven off by 
heating the clay to 212 deg. F. The 
evaporation of the mechanical water 
results in a shrinkage of the clay mass, 
which ceases when the particles have 
all come in contact and before all the 
moisture is driven off, as a certain 
percentage remains In the pores of the 



Water 
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clay. This is driven off during the first 
stagres of burningr. The shrinkage of 
the clay mass when the mechanical 
water is driven off. may range from 
1% or less in very sandy clays up 
to 10 or 12% in very plastic clays. 

BIfect of 'Water Coateat. 

The mechanical water content may 
affect the behavior of the clay In many 
ways. For instance, a clay having a 
high absorption will shrink consider- 
ably during drying, and there is often 
danger of the ware cracking, espe- 
cially if dried rapidly, owing to the 
rapid escape of the water-vapor. Agrain, 
if the material contains any mineral 
compounds which are soluble in water, 
the latter, when added to the clay, 
will at least dissolve a portion of them. 
The result is that, during drying, the 
water rises to the surface to evaporate 
and brings out the compounds in solu- 
tion, leaving them behind when it 
vaporizes. Mechanical water may also 
help the fire gases to act on certain 
elements of the clay in a deleterious 
manner. 

Chemically combined water is that 
which is present in the clay in chem- 
ical combination with other elements, 
and which, in most cases, can be driven 
out only at temperatures ranging from 
762 deg. F. to 1,112 deg. F. This com- 
bined water may be driven from several 
minerals, such as kaolinite, which con- 
tains nearly 14%, white mica or mus- 
covite with 4 to 5%%, and limonite 
with 14%%. 

Unless a clay contains considerable 
limonite or hydrous silica, the per- 
centage of chemically combined water 
is ordinarily about one-third the per- 
centage of alumina present in the clay. 
In pure or nearly pure kaolin, there 
is about 14%; other clays contain 
amounts ranging from this point down 
to 3 or 4%, the latter quantity being 
found in some very sandy clays. The 
loss of combined water is also accom- 
panied by a slight but variable shrink- 
age in the clay, which reaches its 
maximum some time after all the vol- 
atile matters have been driven off. 

In many clay analyses the chemically 
combined water is determined as loss 
on ignition. But this, aQcording to H. 
Hies, is incorrect if the clay contains 
carbon dioxide, sulphur trioxide, or 
organic matter, all of which are driven 
off. in part at least, at a dull red heat 
(see his book Clays: Occurrence, Prop- 
erties, and Uses, p. 108). 

WATBR-SMOKIXG, see Burning, 
water-smoking period of. 

686— TITATBIUSMOKING IVITH FUEL 
OIL. — ^The principal point In water - 
smoking with oil is to get a hot flame 
on a small local spot to produce com- 
bustion, and then supply enough cold 
air to cool the gases down before they 
enter the kiln. 

Another method in use is to use a 
drip burner. By this method the oil 
is dripped onto a metal plate, and 
burned there without being atomized. 
This system requires less care and 
saves some of the power required for 
an air blast. 

687— WAVIBLLITE:.— A mineral pecul- 
iar to white clays associated with 
manganese and iron ores on the north- 
ern slope of South Mountain, adjacent 
to Mt. Holly Springs, Pa. It occurs 
in aggregates of white nodules, and is 
apparently limited to a 40 to 50-ft. 
wide streak of residual clay. Also 
mentioned as having been found in 
Chester County, Pa. Chemically known 
as Al«(OH)«(PO«)i-i-9HsO. 

^WEATHERING, see Clay, preparing 
and weathering. 

688 — ^WEATHER PROOF CLOTHING. 

— The nature of the clay products busi- 
ness requires that practically every 
plant has outdoor work, and this is 
especially true where the pit or shale 
bank is in the open. Many companies 
pay the men employed outdoors the 
same rate as other men and supply the 
waterproof clothing that is necessary. 
Around the kiln yard the lack of 
proper clothing often curtails the out- 
put of setting, burning and emptying. 
Weather proof clothing can be pur- 
cha.sod either as a suit consisting of 
pants and coat which fit over the regu- 
lar clothing worn by the men or as a 
coat only, which is long or short and 
Intended to be worn over the regular 
clothing also. Heavy canvas or duck 
which is treated with a waterproof 
compound similar to tar, is used for 



some of the material and is generally 
known as slickers. A better grade of 
clothing is made by the canvas or duck 
absorbing fish oil which is waterproof. 
The latter does not become stiff dur- 
ing cold weather, as does the former. 
(See also Boots, rubber and felt.) 

68»— MTEDGING-TABLB. — Wedglng- 
or kneading- tables are used in a num- 
ber of potteries to work the pugged 
clay into a homogeneous mass, instead 
of wedging it by hand. The machine 
consists of a circular table, about 6 ft. 
in diameter, with the top surface slop- 
ing outward. On this surface are two 
conical rolls, 20 to 30 ins. in diameter 
and about 8 ins. wide. These rolls 
have corrugated rims, and are attached 
to opposite ends of a horizontal axis, 
having only slight vertical play. The 
clay is placed on the table and, as the 
rolls travel around on it, is spread out 
into a broad band. A second axis car- 
ries two other pairs of rolls of the 
same shape but smaller size ; these rolls 
travel in a horizontal plane, and act to 
press the clay together again. The 
action of the two sets of rolls is alter- 
nately vertical and horizontal, the clay 
first being rolled out flat, then forced 
back into a stodgy mass, and so on. 
The rolls make 10 to 12 r. p. m., and 
the machine kneads some two or three 
charges of 700 lbs. each per hour. 

690 — ^WELDING. — Welding is the 
process by which two pieces of metal 
are heated to such a degree that they 
unite with a third piece of molten 
metal to form one piece, the same as 
an original casting or sheet. The main 
use for this process around a clay 
products plant is to repair broken cast- 
ings, plates, etc. Many times a cast- 
ing is broken and the plant shut down 
until a new part is received. This may 
require several days, a week or even 
more. An oxy-acetylene welding out- 
fit can repair almost any casting 
found in a clay products plant. It 
consists of two tanks, one containing 
oxygen and the other acetylene, and 
a torch or blowpipe which is connect- 
ed to each tank by a rubber hose. The 
two gases are ignited at the end of the 
torch. The heat of the resultant com- 
bustion is In the neighborhood of 6,300 
deg. F. An electric welding outfit 
consists of a strong current which 
Jumps across an air gap between a 
carbon electrode and the metal which 
is to be welded. The resistance which 
the current encounters produces the 
high heat necessary to make the weld. 
Both of the welding outfits described 
are portable. 

WET PAN, see Pan, wet. 

691 — ^WHEELBARROIV. — A Wheel- 
barrow usually consists of a single 
wheel pivoted between two shafts 
which are formed into handles at the 
other end and which also support the 
platform or body of the vehicle. In a 
broader sense, it is any of various 
small vehicles with one or two wheels, 
used for transporting loads up to 700 
or 800 lbs., such as clay, burned ware, 
green ware to be set, coal, ashes, 
gravel, refuse, etc. The axle or axles 
of the wheels may run in cast iron or 
wooden Journals, but it is better to 
have roller bearings. Wheelbarrows 
are used extensively for feeding clay 
to the preparing or finishing machine 
in a clay products plant, and also In 
wheeling coal and ashes to and from 
the boiler, dryer and kilns. In some 
plants they are used to move the dried 
material from the building or dryer 
to the kiln and the very large majority 
of plants use wheelbarrows for trans- 
porting the burned ware from the kiln 
to stock pile or to car and also from 
stock pile to car. 

MANUFACTURERS (see catalog sec- 
tion): 
Freese, E. M. & Co. 
Hadfield-Penfield Steel Co. 
International Clay Machinery Co. 
Stevenson Co. 
Toronto Foundry & Machine Co. 

WHEEL, METAL, FOR VARIOUS 
USES, see Car wheel. 

692 — WHEELS, AUTO TRUCK. — 

Wheels for auto trucks must be heavy 
and strong to stand the large strains 
put upon them when the truck is 
loaded. Of course, all of them are 
equipped with roller bearings, and the 
usual type have wooden spokes. The 
rim is generally also of wood with a 
metal rim on the outside. Since there 
are several types of tires the wheels 
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must be finished accordingly. There 
have lately been several types of 
wheels put on the market designed to 
obviate trouble in soft ground, etc. 
These have flanges attached to the 
sides of the wheels which extend be- 
yond the tires. On good roads these 
flanges do not touch the ground or 
paving, as the diameter of the flanges 
is several inches less than the diame- 
ter of the outside of the tires. If poor 
roads are encountered and the wheels 
sink, these flanges make a larger bear- 
ing surface, and help to keep the 
wheel from sinking deeper. Shoes are 
provided on the flanges to increase the 
tractive force in the soft ground. (See 
also Automobile trucks, and Tire, sev- 
eral items.) 

693— TITHEELS, INDUSTRIAL TRUCK. 

— Industrial truck wheels are usually of 
small diameter, and metal is found to 
be the ordinary material used. At 
times when the wheels are larger than 
usual, wooden wheels, with metal rims 
to hold the tires, may be used. It is 
Just as easy to make the entire wheel 
of one casting. (See also Tire, several 
items.) 

MANUFACTURER (see catalog sec- 
tion): 
International Clay Machinery Co. 

694 — ^WHEELS, TRUCK AND W^HEEL- 
BARROW^. HANDPOWER. — ^Manually 
operated trucks or wheelbarrows may 
be equipped with steel-tired wooden 
wheels, or cast-iron or wrought-iron 
wheels. Some are made entirely of one 
kind of metal; others have a cast-iron 
hub and steel spokes and rim, while 
still others have wrought-iron spokes 
and rim and cast-iron nub. A strong 
wheel is obtained by having a cast- 
iron rim and shrinking a band of steel 
over it. 

MANUFACTURERS (see catalog sec- 
tion): 

Easton Car & Construction Co. 

Hadfleld-Penfleld Steel Co. 

Steele, J. C. & Sons. 

Toronto Foundry & Machine Co. 

695 — WHITE EARTHENTITARE, 
SEMI-POROELAIN, PEARL GRANFTB. 

— These are potters' terms for the best 
quality of white earthenware. The 
names indicate to some extent that 
the object of the manufacturer is to 
produce an article resembling porce- 
lain or china. The ware is, nowever. 
opaque and the body porous. The finest 
qualities of materials are used in this 
mixture with generally a little larger 
percentage of feldspar, thus producing 
a closer body and in very thin places 
a slight translucency. These wares 
are popular in all countries, both In 
their decorated and undecorated state. 

696 — ^WHITE GRANITE. — ^A term ap- 
plying to the whiter and better grades 
of whiteware. 

697 — WHITEWARE. — That class of 
pottery which has a white or nearly 
white porous body, usually covered 
with glaze. There are a number of 
trade varieties of this ware, among 
them C. C. ware, white granite ware 
or ironstone china, semi -vitreous ware, 
semi-porcelain, and china. Theoretic- 
ally, the difference lies in the degree 
of whiteness and of vitrification of the 
body. 

In composition, whiteware corre- 
sponds very closely to a mixture com- 
posed of 52% clay, 33% fiint (ground 
quartz), and 15% feldspar. The clay 
is introduced in the form of two ma- 
terials, kaolin and ball day. The 
former is a clay deficient in plasticity 
but burning to a clean white color: 
while the latter is very plastic and 
tenacious and fires in the kiln to a 
cream or buff color. 

The ratio of the two kinds of ma- 
terials is determined by the minimum 
amount of ball clay which will impart 
to the mass the working quality neces- 
sary for shaping the ware by the vari- 
ous processes. Since an excess of the 
ball clay results in the undesirable 
cream color, It Is kept down to as low a. 
percentage as possible. 

Whiteware containing a relatively 
large proportion of ball clay or Inferior 
grades of kaolin and ball clay, and 
showing for this reason more or leas 
of a cream color. Is known a« (^ C. 
(cream-colored) ware. 

698— WHITEWARE I ITS RELATIOIV 
TO PORCELAIN. — The difference be- 
tween whiteware and porcelain is sim- 
ply one of degree. For example, by In- 
creasing the content of feldspar in a 
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whiteware body at the expense of the 
clay, and at the same time raising the 
burning: temperature, grreater contrac- 
tion and the elimination of pore space 
would be obtained, and the resultant 
ware would have a dense, impervious 
body, which, due to the disappearance 
of air spaces and the increased volume 
of griassy matrix, would show trans- 
lucency. The composition of a vitre- 
ous porcelain of the American type is: 
Kaolin and ball clay, 42%; whitine 
(calcium carbonate), 1.6%; calcinea 
magnesia, 0.5%; flint, 36.3%; feldspar, 
19.6%. 

Comparison with the averagre white- 
ware body (see Whiteware) shows a 
lower clay content and an increased 
amount of feldspar. Additional fluxes 
are introduced in the form of carbon- 
ate of lime and maenesia, which tend 
to promote vitriflcatlon. The essential 
difference, therefore, lies in the fact 
that whiteware has a porous and 
opaque body, while porcelain is vit- 
reous, dense, and translucent. 

The physical properties of the two 
products differ in accordance with their 
structures. Thus, whiteware, being: 
porous, is more resistant to shock and 
sudden changes of temperature. It 
possesses a lower coelflcient of thermal 
expansion but is less hard. Porcelain 
is more difficult to produce successfully 
than whiteware. The advantag^es to 
be grained by making: a porous product 
are (1> the whiteware body in plastic 
state is more easily fashioned; (2) it 
Jisg:ers better and permits a largrer 
output per man; (3) in biscuit flringr, 
the lower content of fluxes and the 
absence of vitriflcatlon eliminates the 
dangrer of deformation; and for this 
reason the whiteware need not be 
bedded in sand; (4) in glazing:, the 
porous surface absorbs the g:laze more 
readily, thus increasing: the speed of 
dipping. All these factors make for 
cheaper production. 

Obviously, however, from the sani- 
tary and esthetic standpoint, the im- 
pervious porcelain is to be preferred. 

60»— whitemtare:, manufacture: 

OF. — ^The various processes will be 
found described under: (1) Jig:eering: 
and Jollying:; (2) Casting:; (3) Kilns, 
biscuit and g:lost, placing:; (4) Glaz- 
ing:, several items; (5) Decoration, un- 
dergla ze; ( 6) Decoration, overg:laze. 

7<M^— TITHITINGd — A form of calcium 
carbonate. Due to pulverizing: and 
washing: it is an impalpable powder. 
Used largrely as a flux for flne china- 
ware and an important g:laze innre- 
dtent. (See also Calcite and Calcium 
carbonate.) 

WILLIAMS PATENT DECK STtHBEP- 

ER» a patented swing: hammer pulver- 
izer equipped with a steam jacketed 
chamber to enable it to g:rind damp 
and wet materials. Made by the Wil- 
liams Patent Crusher & Pulverizer Co. 

TiriNDINO DRUM, see Drum, wind- 
ing:. 

'WIRE CABLE, see Rope, wire and 
Wire rope compound. 



701— TiriRE CLOTH<— Wire cloth is 
used, in the clay industry, principally 
in the construction of screens and test- 
ing: sieves. Its quality varies chiefly 
with the U8ag:e for which it is de- 
8ig:ned. Iron, brass and piano wire are 
most commonly used in its construc- 
tion. Wire cloth is usually furnished 
to any desired deg:ree of flneness up to 
200 mesh. (See also Sieve, testingr; 
and Woven wire.) 

MANUFACTURER (see catalog: sec- 
tion): 

Hadfleld-Penfleld Steel Co. 
Newark Wire Cloth Co. 

WIRE, CUTTING, see Cutting: wire. 

WIRE ROPE, see Rope, wire; and 
Wire rope . compounds. 

702 — WIRE ROPE COMPOUND.*— A 

wire rope compound is a mixture of 
certain materials that are especially 
suited to lubricate wire rope. There 
are different grades of these com- 
pounds, all suited to some particular 
use, and some should be applied while 
hot and others while cold. The proper 
lubrication of a wire rope or cable is 
Just as essential as the oiling: of an 
eng:ine, and incorrect lubrication, on 
account of the corrosion and decay 
that occurs on the inside of the rope, 
reduces the life of the rope immeasur- 
ably. The main object to be sougrht in 
lubricating: wire rope is to reduce the 
friction caused by the interior wires 
on one another as they bend over 
drums and sheaves. There Is also a 
certain amount of friction between 
the wires and the hemp center, which 
must be taken care of by the com- 
pound. Good results are obtained only 
when the proper lubricant for the par- 
ticular service is used, for instance a 
track cable for hoisting: up an incline 
from a pit requires a different lubri- 
cant than a steam shovel cable. 

MANUFACTURER (see catalog: sec- 
tion): 
Hadfleld-Penfleld Steel Co. 

WIRE, WOVEN, see Woven wire. 

708— WIRES AND CABLES, ELEC- 
TRICALLY INSULATED. — For the 

transmission of electric current cop- 
per wires are usually used and these 
are covered by some material to in- 
sulate them. Paper, rubber, cambric, 
and other cloth are used for insula- 
tion, mixed with g:utta percha, tar, 
etc. For interior work the insulation 
is meant to protect the wire so that no 
current will leak from the wire. Many 
flres are started by poor insulation or 
a break in the insulation somewhere. 
For outdoor work the wire must be 
protected from the weather as the 
smallest amount of moisture around 
the wire will cause a short circuit if 
any other object is at hand to com- 
plete the circuit. A cable consists of 
a number of wires wound tog:ether but 
insulated from one another. The en- 
tire set is covered with a weatherproof 
compound. 



MANUFACTURER (see catalog: sec- 
tion): 
Hadfleld-Penfleld Steel Co. 

704— WIRING SUPPLIES AND 
TOOLS. — For putting up electric wires, 
wire stretchers are used to tighten the 
wire. Special long: handled shovels 
are used to dig: the noles for the posts 
and bars with points on the end for 
centering the post. The cross arms 
must be equipped with g:las8 or porce- 
lain insulators and the wire fastened 
to them. Pliers, nippers and a brazing 
outfit for soldering: the wires together 
practically complete the equipment. 

WITHERITE, see Carbonate of 
barium. 

70&— W^OTEN W^IRB. — ^T h 6 8 e are 

screens made of wire woven tog:ether 
like house screens, but of heavier wire. 
In the finer g:rades brass wire is used, 
and it is made in almost any mesh 
desired, altho the screen made of fine 
wire is not practical for larg^e output. 
Woven wire is used in stationary 
screens, vibrating screens, testing: 
sieves, and lawns. The two latter are 
the places where most of the woven 
wire is used. (See also Wire cloth.) 

MANUFACTURER (see catalog sec- 
tion): 
Newark Wire Cloth Co. 

WRENCH, CAR, see Car wrench. 

706— WRENCHES, MONKET, PIPE 
AND SPECIAL. — ^Wrenches are a very 
necessary adjunct around a clay prod- 
ucts plant. Monkey and S- wrenches 
are especially suited for tigrhtening: 
nuts, bolts, etc. The former consists 
of two Jaws, one of which is movable 
by means of a screw along: the face of 
the wrench. It thus can be adjusted 
to any size. Some of the S wrenches 
are adjustable the same as a monkey 
wrench but with less movement, and 
others are made to fit only one size of 
nut. S wrenches derive their names 
from the origrinal form that this type 
of wrench used to have. Allig-ator 
wrenches are flat with two Jaws ex- 
tending: from the end at an ang:le of 
about 20 deg:. The inside of these ex- 
tensions have teeth that enable the 
wrench to g:rip the nut or bolt desired. 
There is no adjustment, as the teeth 
are made to flt each size. A pipe 
wrench is almost the same as a mon- 
key wrench except that the Jaws have 
teeth for g:ripping: a pipe. In most 
pipe wrenches one Jaw has a spring: to 
assist it in gripping: the pipe in the 
rig:ht way. Socket wrenches are very 
useful in replacing: pump valves, pump 
heads, cylinder bolts, etc. They con- 
sist of a rod which terminates in a 
socket made either square or hexaeon- 
al to flt over the bolt or nut that It is 
desired to tigrhten or loosen. The other 
end is made into a hexagonal head 
which can be turned by a wrench, or 
holes are provided thru which a rod is 
placed and the wrench turned by 
means thereof. 
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707 — TELLOTir OR ROCKING- 
HAM WARE. — This is used larg:ely for 
kitchen and culinary purposes. It is 
composed of a crude, yellow clay with- 
out any other admixture, the clay be- 
ing simply mixed with water to put 
it in plastic condition, about the con- 
sistency of fresh putty. It is gen- 
erally coated with a cheap g:raze, 
known as raw glaze. Much of this 
'ware is fired but once. Having been 
thoroly air-dried, it becomes strong 
enough to be dipped in the glaze, thus 
necessitating but one firing. 

708 — ZINC OXIDE. — This mineral 
agency (ZnO) gives a porcelain body 
a.n excellent color when used in small 



quantities, altho about 0.05 equivalent 
gives a rather objectionable bluish or 
greenish tinge to the body. It has the 
disadvantage of tending to opacify a 
body when over 0.02 or 0.03 equivalent 
is used. A high per cent, causes bod- 
ies to give trouble from cracking in 
the molds. It shivers badly with as low 
as 0.1 of an equivalent. Trouble from 
cracking in molds can be overcome by 
calcining the zinc oxide. 

In glazes zinc oxide in limited 
amounts helps brilliancy, glossiness 
and fusibility, a wider heat range and 
greater elasticity which diminishes the 
tendency to craze. Zinc oxide is not 
necessary in raw lead glazes unless to 
counteract crazing in the more fluid of 



those relatively high in lead and low 
in alumina. With ZnO of hig-h amounts 
the equivalent of lead may be reduced 
and yet maintain equal fluidity of 
glazes with a slightly less yellow 
tinge. It is best to keep ratio of ZnO 
to CaO at not more than 1 to 1 and 
generally from 1 to 2. and 1 to 3. 

700— ZIRCONIA. — This is the oxide 
of zircon, with a formula of ZrOt. It 
has a melting point of 2,590 deg. C. It 
is highly refractory, but hard to obtain 
in a pure state. It does not shrink at 
high temperatures. It is black in col- 
or. It is a new refractory material 
and its future development may be 
considerable. 



Do Not Miss Two of the Most Useful Features of This Cyclopedia: 

On Page 124 Departmental Index of Plant Equipment. 
On Page 126 Index to Statistical Section. 
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The several associations in the clay products industry 
are doing very constructive work in their individual fields. 
We list herewith some of the more important activities 
and accomplishments, realizing, however, that this limited 
space can only afford general information and cannot touch 
upon any details. 

In every case the industrial associations have increased 
the consumption of the product, due to the publicity 
attained either by direct advertising or by distributing 
information to its customers. 

At the same time these associations have reduced the 
cost of manufacture by standardizing the sizes produced, 



thereby eliminating unnecessary stock, and by making 
public information on the processes, fuel and supplies 
used. All of these associations have helped to eliminate 
the old feeling that everyone should keep secret any im- 
provement or betterment that he develops. This broad 
minded policy and spirit has greatly improved the condi- 
tion of every manufacturer of clay products. 

In addition, these associations have greatly benefited 
the purchasers of clay products as well as the general 
public, because of the increased production, reduced costs, 
research, campaign for lower freight rates, and standardi- 
zation, as well as by the Information gained thru publicity. 



Ceramics 

The American Ceramic Society, a 
technical and scientific organization 
to advance the ceramic arts and 
sciences, was founded in 1899. Each 
year there has been reported a re- 
markable growth in membership, 
scope and interest, and the society 
is still reaching Into fields of new 
endeavors which the modern indus- 
trial fabric of this country requires. 
Its present membership totals ap- 
proximately 1,500. This Includes 
associate members, active members, 
corporation members, industrial or 
trade association members, and hon- 
orary members. 

The Society is divided into groups 
known as Divisions, which are de- 
fined by industrial distinctiveness. 
At present the Divisions are Art, 
Enamel, Glass, Heavy Clay Products, 
Refractories, Terra Cotta, and White- 
wares. Each Division has its own 
organization and committees, and the 
privilege of initiative or choice in 
operation. Each is promoting re- 
search and has the aim of advancing 
the arts and sciences in its particular 
field. The Divisions deal exclusively 
with the technical and scientific prob- 
lems of manufacturing. 

Local Sections are organized in 
certain geographical centers to de- 
velop sociability and to keep before 
the members, between annual con- 
ventions, the purpose of the Society. 
These groups meet frequently. 

The chief activity of the Society 
is its co-operative research work. 
This consists of investigation, in- 
quiry, scrutiny, examination, and in- 
spection, of facts or principles. 
Review of literature, compilation of 
bibliographies, conducting of sympo- 
siums, and studying manufacturing 
requirements are methods of re- 
search, and interpreting the funda- 
mental sciences into terms of factory 
practice is the result. 

The American Ceramic Society 
always has been and will continue to 
be an organized influence stimulating 
co-operative research by furnishing 
the forum and the means of publica- 
tion. Its Committees suggest re- 
searches and, when called upon, plan 
them in detail. Data are collected, 
classified, and published. 

The present officers are F. H. 
Riddle, president; Dr. E. W. Tillot- 
son, vice-president; R. K. Hursh, 
treasurer; Ross C. Purdy, secretary; 
B. E. Salisbury, R. M. Howe, F. K. 
Pence, R. H. Mlnton, and F. B. Ort- 
man, trustees. The executive office is 
located at Lord Hall, O. S. U., Colum- 
bus, O. 



Face Brick 

The American Face Brick Associa- 
tion was formed in 1912, to promote 
the use of face brick. One of the 
chief activities of this association has 
been its advertising campaign to ac- 
quaint the public with the economy, 
beauty, attractiveness and utility of 
using face brick for the outside walls 
of a building. The results of this 
type of advertising campaign are 
cumulative, that Is, they are felt not 
only at the time of the campaign but 
for years afterward. This campaign 
coupled with that of the Common 
Brick Manufacturers Association and 
the Hollow Building Tile Association 
has created an amount of good will 
for clay products construction that 
it is impossible to estimate. Part of 
the results are shown in the articles 
on this subject that are appearing in 
the reading pages of magazines of 
national circulation. 

The numerous inquiries for the 
books, plans and specifications of 
this association show conclusively 
that the gospel of brick construction 
is being spread broadcast, with won- 
derful results. This association was 
the pioneer in the clay products in- 
dustry in afFordlng Informative serv- 
ice to the public by distributing plans 
and specifications of brick construc- 
tion. 

The "Face Brick Manual" was the 
first publication that gave definite 
information and set standards of con- 
struction for face brick walls. It Is 
the standard for that construction to- 
day. 

Another activity that has been 
backed by this association to the 
fullest possible extent is the attempt 
to obtain fair and equitable revision 
of the existing railroad t&rlfF. The 
National Paving Brick Manufacturers 
Association aifd the Hollow Building 
Tile Association have worked in per- 
fect harmony with the American 
Face Brick Association on this ques- 
tion. 

This association is divided into 
sections thruout the country. These 
sections hold meetings monthly, and 
exchange views on subjects of local 
or territorial Interest, such as labor 
supply, fuel and car supply. This 
exchange of views achieves far better 
results than a meeting only once a 
year. 

The headquarters are at 130 N. 
Wells St., Chicago. The officers are 
Eben Rodgers, President; B. MifFlin 
Hood, T. P. Cuthbert, vice-presidents, 
and R. D. T. Hollowell, secretary. 
G. C. Mars is Director of Service. 
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Common Brick 

The Common Brick Manufactur- 
ers Association was formed In 1918 
to look after the interests of the 
common brick manufacturers of the 
country. This branch of the Industry 
had been somewhat neglected by 
other associations up to that time, 
and the output of common brick had 
been declining. Several special ac- 
tivities have bettered these condi- 
tions very considerably and are im- 
proving them continually. 

One of these special activities is 
the advertising campaign started and 
being conducted by the association. 
All of this advertising carries the 
association trade mark. The public 
is being educated to think and talk 
brick construction, where they were 
formerly familiar only with frame 
and stucco. The advertising cam- 
paign of this association links up 
with similar campaigns conducted by 
the American Face Brick Association 
and the Hollow Building Tile Asso- 
ciation. 

A second special activity is the 
development of the Ideal Wall as a 
factor of economy in the construction 
of brick houses, especially of homes 
and other structures not more than 
two or three stories in height. This 
type of construction is described in 
detail on page 59. 

The development of the Ideal Wall 
has led to another special activity, 
namely the correction of the building 
codes of the various cities and com- 
munities. This correction must be 
made in many cases In order to per- 
mit the use of the Ideal Wall. There 
should also be more standardization 
of building codes for the regular 
solid brick wall, as It has been shown 
that in many cases useless thickness 
of brick walls has so Increased the 
cost of a building that it was very 
difficult to compete with Inferior 
materials. 

This association is assisting in the 
fire tests and load tests of building 
materials being conducted by the 
U. S. Bureau of Standards. 

A book published by this associa- 
tion called "Brick, How to Build and 
Estimate," is the standard manual of 
common brick construction. 

The officers are president, Charles 
H. Bryan; vice-presidents, William 
N. Carey, Fritz Salmen, John P. 
Cahoon, and B. F. Weber; treasurer, 
Ernest S. Barkwill and secretary 
Ralph P. Stoddard. The headquar> 
ters are at Cleveland Discount Bids., 
Cleveland, Ohio. 
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Sewer Pipe 

The Clay Products Association is 
an association of sewer pipe manu- 
facturers. It was formed in 1917 
and the late George H. TefFt was the 
first secretary and a moving spirit in 
the organization and upbuilding of 
its influence. 

The association was formed to 
work hand in hand with the eastern 
association in the promotion of vit- 
rified, salt ' glazed, sanitary sewer 
pipe, segment block and other prod- 
ucts manufactured by its members. 
Another purpose of the organiza- 
tion was to create and maintain high 
standards of manufacture. 

The Clay Products Association has 
done and is still doing great work in 
co-operation with the United States 
Public Health Service and state and 
local boards of health for improving 
sanitary conditions, and with the Na- 
tional Board of Fire Underwriters to 
bring about better construction of 
buildings, especially chimneys, by se- 
curing the enactment of state laws, 
city ordinances and building codes 
requiring the use of fire clay flue lin- 
ing and thus reducing the enormous 
waste and loss of property by fires 
that are caused by defective fines. 

The headquarters of this associa- 
tion are located in the Chamber of 
Commerce Building, Chicago, and the 
present secretary is George C. D. 
Lenth. 

Hollow Tile 

The Hollow Building Tile Associa- 
tion was organized in 1918 for the 
purpose of promoting the greater use 
of hollow building tile. Originally 
formed with approximately 50 mem- 
bers the association increased its 
membership to lOu in 1922. Mem- 
bers of the association manufacture, 
it is safe to say, about 75 per cent, 
of all hollow tile produced in the 
U. S. The organization maintains an 
advertising department and an engi- 
neering department. Advertising is 
done thru mediums such as farm 
Journals, architectural and building 
papers generally and magazines of 
national circulation. A plan service 
is maintained comprising complete 
plans, specifications and quantity sur- 
veys of about 17 residences, four 
garages, four hog houses and one 
public garage. These plans are sold 
at a very nominal price to persons 
planning to use hollow tile in the 
structure. 

A book published by this associa- 
tion "Manual of Hollow Tile Con- 
struction" is accepted everywhere as 
the standard for this type of con- 
struction. It shows details of build- 
ing walls with the cells vertical or 
horizontal, and explains how to build 
lintels, corners, window Jambs, etc. 

The engineering department of the 
H. B. T. A. is an important part of 
the organization. It is the duty of 
this department to safeguard the in- 
terests of hollow tile, straighten out 
engineering problems which arise in 
the field and extend engineering and 
technical service and help on the Job. 

The association has a permanent 
secretary, B. R. Sturtevant, who looks 
after and manages the affairs of the 
organization and acts in the capacity 
of secretary-treasurer. Officers and 
directors of the association for 1922 
are: 



President, James T. Howlngton, 
Coral Ridge Clay Products Co., Louis- 
ville, Ky. 

Vice-president, Wm. Hutton, Jr., 
Troy (N. Y.) Fireprooflng Co. 

Directors, . F. F. Anness; H. C. 
Downer; F. R. Hale; H. R. Straight; 
J. J. Amos; J. H. Payne; H. M. 
Keasbey; T. J. Neiswanger; S. D. 
Knight; J. A. Dailey; Robert Gamble; 
R. G. Wallace. 

National Brick 

The National Brick Manufacturers' 
Association is probably the oldest of 
the clay products associations. Whilst 
it is the association from which many 
of the other associations have sprung, 
it has no official or working connec- 
tion with them. 

On account of the steady growth of 
the clay products industry, it was 
found that one association was in- 
adequate to cover all the activities 
and branches of the industry. By 
means of individual associations, 
each working on the problems and 
interests that appeal to, and concern 
only one branch of the industry, far 
greater progress has been made for 
all concerned. 

The officers of the National Brick 
Manufacturers' Association are 
Thomas E. Wilson, president; R. C. 
Burton, Jotham Post and Douglas F. 
Stevens, vice-presidents; John W. 
Sibley, treasurer and Theodore A. 
Randall, secretary. The secretary's 
office is located in Indianapolis, Ind. 

Labor Conditions 

The National Clay Products In- 
dustries Association was brought 
into existence by clay products man- 
ufacturers principally in the refrac- 
tory industry, in the fall of 1920, but 
has since gained members from all 
the other clay products branches. 
Its principal object and aim is to 
promote and maintain industrial 
tranquility in the entire clay prod- 
ucts industry, accomplishing this 
through a competent staft of "open 
shop" clay workers, experienced in 
every Job of the different branches 
of the industry whether it be in the 
building brick, hollow tile and pav- 
ing brick industries, manufacturing 
common brick, face and enamel brick 
and hollow building tile; or terra 
cotta, fioor and wall tile, faience, 
decorative tile and all pottery indus- 
tries; or refractory industries manu- 
facturing brick and all shapes of fire 
clay, silica, magnesite, bauxite, 
chrome and silicon carbide and glass 
house refractories; or sewer pipe, 
segment and solid block, vitrified 
products, drain and roofing tile in- 
dustries, and all others. 

This association has given over a 
great deal of time, thought and en- 
ergy to maintain sources of supply of 
experienced clay products workers, 
so that other industries will not 
absorb these, to the detriment of the 
clay products Industry. 

This association believes in indi- 
vidual contract relations between 
employer and employe, without dis- 
crimination either for or against 
union or independent workers. 

It is officered by some of the most 
prominent clay products manufac- 
turers of the country and ably man- 
aged by an industrial relations ex- 
pert with many years of expedience, 
as its Commissioner. 



Paving Brick 

The National Paving Brick Manu- 
facturers' Association is formed of 
the manufacturers of vitrified pav- 
ing brick. Their activities are cen- 
tered on spreading information about 
the economy, satisfaction and de- 
pendability of brick paving for city 
streets and country roads. To this 
end they publish a monthly called 
"Dependable Highways" and dis- 
tribute it to engineers, city and high- 
way officials and others who plan 
paving and allot contracts, in order 
to acquaint them with the superior 
qualities of brick, compared to in- 
ferior competing materials. 

One of the biggest things that thia 
association has done is assisting the 
U. S. Department of Commerce to re- 
duce the number of sizes of paving 
brick. In 1921 and former years 
there were as many as 66 varieties 
of sizes manufactured. This has now 
been reduced to seven. This step will 
assist the manufacturers to reduce 
the cost of manufacture per thousand 
and also reduce the cost of the de- 
livered brick for a road. This latter 
reduced cost will help to increase the 
amount of brick paving laid. 

This association has also been in- 
strumental with the American Face 
Brick Association, The Hollow Build- 
ing Tile Association and The Common 
Brick Manufacturers' Association in 
financing the Joint Research Council. 
This research is investigating manu- 
facturing operations in order to re- 
duce waste by showing the best 
method of carrying on each operation 
in a plant. 

The U. S. Bureau of Mines is fur- 
nishing part of the funds and equip- 
ment for this work. It is under the 
able direction of R. T. Stull, Super- 
vising Ceramist of the Bureau of 
Mines. 

In 1920 the association published 
a book containing specifications for 
the design and construction of brick 
paved roadways. Numerous alterna- 
tives of methods and materials are 
given for the essential parts of all 
brick pavements in this excellent 
publication. 

The headquarters are in the 
Engineers Building, Cleveland, Ohio. 
Maurice B. Greenough is secretary, 
assisted by a capable corps of engi- 
neers and experts. 

The other officers of this associa- 
tion are: S. M. Duty, Cleveland, 
chairman of the board; O. W. Ren- 
kert. Canton, Ohio, president; W. P. 
Blair, Cleveland, and W. M. Lasley, 
Chattanooga, Tenn., vice-presidents; 
and C. C. Barr, Streator, 111., treas- 
urer. 



Terra Cotta 

The National Terra Cotta Society 
was organized in December, 1911, 
with fifteen companies. Its member- 
ship is now twenty-six, including 
practically every manufacturer of 
terra cotta in this country. 

The objects of the Society are to 
encourage the production of the best 
materials, the maintenance of high 
standards of work, to spread knowl- 
edge of good architectural Terra 
Cotta thru advertising, educational 
literature, etc., and to co-operate in 
the investigation and study of the 
more important technical problems of 
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the business, advancing mutual in- 
terests in every legal and proper way, 
and without directly or indirectly 
maintaining prices or suppressing 
competition. 

Under the above policy, to which 
the Society has strictly adhered, it 
has accomplished in the eleven years 
of its existence a very great improve- 
ment in the technical quality of prod- 
uct, methods of workmanship and 
public appreciation of the value of 
Terra Cotta and of its appropriate 
use in better architectural design for 
all classes of buildings. 

The Society's publications consist 
of a very valuable and complete tech- 
nical reference work entitled "Archi- 
tectural Terra Cotta Standard Con- 
struction,'* containing seventy plates 
of typical details showing the manner 
of constructional design and methods 
of installation, a series of illustrated 
brochures covering the application of 
Terra Cotta to all classes of build- 
ings, and the dissemination among its 
members of periodical pamphlets con- 
taining the results of experimental 
research work conducted by its fel- 
lows with the United States Bureau 
of Standards, Washington, D. C. 

The present officers of the Society 
are as follows: 

Walter S. Prlmley, president; 
Atholl McBean, first vice-president; 
O. W. Ketcham, second vice-presi- 
dent; Walter Geer, Jr., treasurer; F. 
S. Laurence, executive secretary. 



Refractories 

The Refractories Manufacturers' 
Association is a voluntary organiza- 
tion of manufacturers of brick used 
in metallurgical and other industries 
to resist high heats. It was organized 
in 1916 and its membership at the 
present time (March, 1922) is made 
up of ninety-six firms and corpora- 
tions whose output is estimated to 
be about seventy-five per cent, of 
the production of this material in 
the United States. 

Its government is in the hands of 
an Executive Committee selected by 
district organizations and elected by 
the membership at large. 

Its objects, as expressed in its Con- 
stitution are: To standardize the 
dimensions of refractory brick and 
shapes most widely used; to establish 
and conduct research for the im- 
provement of refractory products; to 
cooperate with scientific and tech- 
nical associations in determining 
suitable tests; to assist consumers in 
obtaining better service from refrac- 
tories; to institute modem methods 
of accounting; to collect and dissemi- 
nate statistical information; to en- 
courage fair competition; to create 
friendly relations in the refractories 
industry. 

Its officers for the current fiscal 
year are: Arthur P. Taylor, of Cin- 
cinnati, Ohio, president; Frank R. 
Valentine, of Woodbridge, N. J., vice- 
president; C. C. Edmunds, of Pitts- 
burgh, Pa., treasurer and Frederic 
W. Donahoe, of Pittsburgh, Pa., sec- 



retary. National headquarters are 
at Pittsburgh, Pa. 

Additional Associations 

In addition to the associations 
listed above the following associa- 
tions are located at the several ad- 
dresses shown: 

Associated Tile Manufacturers, 
Beaver Falls, Pa. Members are the 
manufacturers of wall, fioor and dec- 
orative tile. 

U. S. Potters Association, Chas. F. 
Goodwin, Secy., East Liverpool, Ohio. 
The membership consists of the man- 
ufacturers of pottery of all classes 
thruout the country, especially of 
chinaware. 

Canadian National Clay Products 
Association, Gordon C. Keith, Secy., 
435 Grace St., Toronto, Ont., Can. 
The membership is open to the man- 
ufacturers of clay products in Can- 
ada, regardless of the location or the 
class of product. This association 
holds an annual convention and is 
always working for the betterment 
of the clay products manufacturer of 
Canada. 

Sanitary Potters' Association, 
George G. Dyer, Secy., 1003 Ameri- 
can Mechanic Building, Trenton, N. J. 
The members of this association are 
the manufacturers of sanitary ware, 
such as bathtubs, washtubs, drinking 
fountains and other glazed pottery 
ware used in connection with plumb- 
ing . This association holds a mem- 
bership in the Chamber of Commerce 
of the United States. 



Departmental Index of Plant Equipment 



This index is a classification of the items in the cyclo- 
pedia according to the various plant departments, burning, 
setting, molding, etc., and was added as a guide to anyone 
desiring to obtain all information possible covering a spe- 
cial department of his plant. The index is divided under 
three general heads, General, Pottery and Heavy Clay 
Products. Those departments that are similar in every 
plant are indexed under the head General, including such 
items as Executive or ofSLce equipment. Power transmis- 
sion equipment, etc. In other departments such as Grind- 
ing and preparing, in which the equipment used in a pot- 
tery is different from that used in a plant producing heavy 
clay products, we have listed each type of plant separately. 

Suppose you are looking for all information possible 
regarding the burning of face brick. Looking under the 
general head Heavy Clay Products you will find the sub- 
head Burning, under which is listed the number of every 
item which contains information on that subject. In order 
to eliminate any unnecessary detail we have aimed to in- 



clude only those items that are somewhat special for each 
department. Babbitt metal, bushings, lubricants, pulleys, 
gears, belting and several other items, for instance, are 
used in every department where machinery is employed. 
We have avoided a long list including many of these 
smaller items by grouping them under the heading Repair 
crew equipment. Power transmission equipment. Building, 
etc. 

We trust that this index will assist the readers in finding 
the related information quicker and with more satisfac- 
tion. We believe that this is the first index of this kind, 
by means of which a manufacturer who is having trouble 
with one department or who wishes to improve the con- 
ditions of one department can quickly locate the general 
information and list of processes or equipment used in 
that department. 

The numbers of the items refer to the numbers in the 
definition section. 



MANUFACTURED PRODUCTS.— Pottery 

See items 17, 34, 40, 64, 92, 106, i20, 121, 165, 
166, 236, 237, 239, 240, 253, 315, 363, 364, 415, 
420, 455, 466, 476 to 483, 488 to 492, 519, 529, 543, 
547, 557, 561, 582, 595A, 611 to 614, 616, 679, 695 
to 699, 707. 

Heavy Clay Products 

See items 67 to 69, 71 to 73, 204, 265, 270, 287, 
298, 334, 336, 344B, 524, 541, 562, 578, 592, 607, 
631, 632, 633, 639, 640. 

General 

EXECUTIVE OR OFFICE.— Equipment 

See items 93, 118, 136, 137, 254, 262, 264, 425, 
426, 437, 522, 537, 551, 576, 662, 672. 



Processes and General Information 

See items 2, 16, 22, 65, 90, llOA, 112, 128, 145, 
161, 189, 247, 261, 346, 347, 355, 356, 426A, 436, 
583. 

BUILDING.— 

See items 107, 110, 145, 278, 293, 450, 567, 624. 

MACHINE SHOP EQUIPMENT — 

See items 122, 164, 195, 210B, 277. 319, 369, 403, 
456, 465, 467, 549, 550, 566, 605, 644, 690, 706. 

REPAIR CREW EQUIPMENT.— 

See items 15, 26, 42, 43, 48, 50, 104, 114, 209, 303, 
362, 370, 532. 
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FUEL. — Processes and General Information 

See items 75. 77A to 85. 272, 288, 296, 297, 316, 
332, 353, 438, 498, 600, 609, 610, 651, 667, 686. 

CoiiTeyliig and Transporting Equipment 

See items 20, 25, 32, 36, 76, 77, 100, 102, 113, 124, 
140, 151. 152A to 157, 653, 677, 678, 691 to 694. 

Material Used as Fuel 
See items 139, 141 to 143, 285, 286. 



POWER. — Steam Equipment 

See items 10, 19, 27, 57 to 62, 71, 108, 109, 135 
146, 176, 203, 249, 251, 263, 272, 276, 291, 292 
312, 331, 340, 342, 351, 417, 462 to 465, 525, 539 
559, 600, 623, 659, 664 to 666, 668, 669, 682 to 684 

Electrical Equipment 

See items 289, 304, 323, 430, 625, 649, 703, 704. 

Internal Combustion Equipment 

See items 248, 285, 286. 

General Equipment 

See items 7, 26, 55, 110, 238, 296, 352, 413, 414 
440, 442, 443, 446, 448, 449. 



PUMP.— 

See items 312, 504 to 511, 628, 670. 

POWER TRANSMISSION EQUIPMENT.— 

General E«quipment 
See items 15, 26, 29, 39, 86, 104, 162, 163, 238, 264, 
317, 350, 369, 413, 414, 437A, 440, 442, 443, 446, 
500, 501, 530, 532, 533, 563, 564, 599. 

Drive Equipment 

See items 41 to 51, 115, 211 to 213, 280, 300 to 303, 
332A, 342A, 423, 538. 

CLAY. — Minerals Found Mixed in Clays 

See items 13, 87, 88, 306, 324, 326, 333, 339, 345, 
349, 359, 367, 407, 408, 416, 419, 421, 427, 432, 434, 
435, 446A, 459, 512, 518A, 520, 523, 536, 574, 580, 
594, 595, 621, 627, 643, 645, 671, 687. 

Qualities, Tests and Testing Instruments for 

See items 1, 3, 17A, 21, 63, 77A, 86A, 91, 133, 
147A, 188, 240, 257, 279, 290, 330, 458, 471, 472, 
484, 521, 572, 575, 584, 589, 596, 596A, 629, 630, 
634, 635, 673, 675. 

Raw Materials Used for Manufacturing Clay 
Products 

See items 37, 123, 202, 294, 371, 406, 518, 544, 
548, 565, 577, 709. 

Unclassified Data 

See items 11, 111, 125 to 127, 130 to 132, 208, 
210A, 290A, 304A, 320, 422, 495, 579, 622, 685. 

CLAY WINNING.— Pit-Mine Digging Equipment 

See items 105, 116. 124, 196, 198, 201. 206, 210A, 
249A, 250, 299, 427A, 468, 473, 552, 568 to 571. 

Transporting Equipment 

See Items 4, 25, 36, 76, 95, 97, 101, 113, 151, 152A, 
to 154, 157, 164, 197, 214, 284, 335. 410 to 412, 
433, 597, 641, 653, 655, 657, 677, 678, 691, 692 
to 694. 

General Equipment and Supplies 

See items 10, 15, 26, 29, 39, 54, 57 to 62, 66, 86, 
138, 210, 210A, 235, 238, 264, 275, 341, 405, 423, 
461, 493, 504, 505, 510, 533, 688. 

Unclassified Data 

See items 53, 104, 134, 447, 619. 

Pottery 

GRINDING OR PREPARING— Equipment 

See items 5, 18, 30, 56, 77, 100, 119, 124, 313, 368, 
404, 431, 452 to 454, 457, 460, 502, 503, 553 to 556, 
558, 606, 657A, 701, 705. 

Processes and General Information 

See items 9, 31, 129, 318, 418, 590, 617. 

MOLDING.— Equipment 

See items 241, 246, 259, 260, 365, 437A, 451, 470. 
475, 485 to 487, 499, 509, 585, 628, 689. 



See items 144, 195A, 199, 233, 266 to 268, 327, 338, 
365, 469, 496, 546, 637, 660, 676. 



GLAZING AND DECORATING.— Raw Materials 
and General Information 
See items 33, 33A, 66A, 74, 89, 160, 182, 183, 268, 
269, 273, 274, 307, 308, 314, 422, 441, 444, 446A, 
544, 591, 620, 700, 708. 

Equipment 

See items 6, 7, 30, 241, 282, 283, 309, 667A. 
Processes 

See items 74, 177 to 186, 249B, 281, 305, 310, 318, 
321, 322, 327 to 329, 348, 409, 497, 586 to 589, 598, 
601, 602, 615. 

DRYING.— Equipment 

See items 8A, 14, 55, 109, 110, 217 to 230, 255, 284, 
424, 424A, 433, 451, 511, 526, 604, 618, 636, 648, 
663. 

Processes and General Information 

See items 216, 232, 233, 288, 354. 

SETTING.- Equipment 

See items 94, 95A, 98A, 98B, 156, 406, 540, 544, 
559A, 654 to 657, 661, 691 to 694. 

BURNING.— Equipment 

See items 55, 71, 108 to 110, 148, 176, 203, 256, 
263, 373 to 376, 378, 385, 389 to 394, 397, 399, 
513 to 517, 526, 540, 600, 636. 

Processes and General Information 

See Items 28, 78 to 85, 267, 276, 388, 542, 686. 

CONVEYING AND TRANSPORTING EQUIP- 
MENT. — Handling Raw Material and Manufac- 
tured Ware 
See items 25, 32, 149 to 159, 335, 641, 642, 446 to 
648, 652 to 657. 

Heavy Clay Products 

GRINDING OR PREPARING.— 

Grinding Ekjuipment 
See items 100, 167 to 172, 200, 224, 238, 256, 313, 
368, 425A, 431, 45^ to 454, 502, 503, 606. 

Conveying and Elevating Equipment 

See Items 77, 98C, 115, 124, 149 to 151, 152A to 
159, 242, 243, 245, 409A, 626, 651, 667. 

Screening Equipment 

See items 457, 460, 553 to 556, 558, 701, 705. 

Processes and General Information 

See items 9, 129, 244, 318, 590, 617. 

MACHINE OR PRODUCING.— Machine for Forming 
Ware 

See items 24, 27, 173, 174, 191, 192, 193, 195, 195B, 
234, 271, 324A, 337, 343, 474, 492A, 499, 527, 581, 
592A, 593, 603, 608, 638. 

Processes and General Equipment 

See items 192A, 226, 233, 252, 402, 428, 429, 437A, 
451, 475, 528, 628, 668, 659A, 670A. 

Supplies 

See items 31, 175, 341, 342. 

DRYING.— Equipment 

See items 8A, 14, 32, 32A, 55, 94, 98 to 98B, 101, 
115, 155, 203, 218 to 222, 224 to 230, 255, 284, 344, 
344A, 366, 424A, 433, 451, 466A, 511, 526, 597, 
604, 636, 648, 650, 663. 

Processes and General Information 

See items 8, 9, 216, 217, 223, 231, 232, 354. 

SETTING.— 

See items 32, 32A, 98 to 98B, 155, 157, 324A, 405, 
559A, 560, 648, 654 to 657, 661, 691 to 694. 

BURNING.— Equipment 

See items 55, 71, 95A, 108 to 110, 148, 176, 203, 
240A. 255, 263, 372, 373, 376 to 384, 386, 389, 
390, 392, 394 to 396, 398, 399, 513 to 517, 583A, 
600, 636. 

Processes and General Information 

See items 28, 52, 77A to 85, 117, 267, 276, 372, 387, 
388, 400, 401, 542, 680, 686. 

CONVEYING AND TRANSPORTING EQUIP- 
MENT. — Handling Raw Material and Manufac- 
tured Ware 
See ItAmS 25, 29, 32, 32A, 36, 39, 70, 96, 98 to 99, 
lis. ^i^ to 159, 243A, 409B, 531, 626, 641, 646 to 
648. ilo to 651. 
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Index to Statistical Section 



The Statistical Section has been greatly enlarged from 
our original plans. It contains not only many valuable 
statistics, some not heretofore published, but also im- 
portant instructions for locating a clay products plant, 
testing clay and clay land, prospecting for deposits, and 
other data for determining the value of a certain raw 
material. 

It also contains information concerning the purchase 

Item Page 

2 — ^Accounting 128 

25— Automobile Trucks 129 

37— Bauxite 127 

41— Belt Dressings 129 

45-46-47— Belting, see Elevator Bolts.. 166 

57— Boiler 185-198 

58 — Boiler Compound 166 

62— Boiler Tubes 197 

67— Brick, Building 130-131-183 

Brick, Sewer 131 

72— Brick, Paving 131 

84— Burning, Vitrification Period of 136 

96— Car Loaders 198 

114— Chain Block 199 

115— Chain Drive, Sprocket 134 

116 — Chain, Load 200 

123— Chrome 127-135 

126— Clay Deposits^ Classification of 136 

Also see definitions of clay under Brick, Sewer 131 

132— Clay, Prospecting For 137 

133— Clay Testing 142 

Also see Sieve testing 196 

134 — Clay Winning 133-196 

138— Clutch 200 

14<^— Coal Handling Equipment 155 

141— Coal, Heat Value of 163 

Also see Flue Gas Analsrsis Apparatus 171 

Also see Fuels, comparison of 172 

142— Coal, How to Select 148 

145 — Concrete 151 

146— Condenser 162 

148 — Cones, Pyrometric 197 

151 — Conveyor, Belt 152 

154 — Conveyor, Drag-Plate and Bucket 155 

155 — Conveyor, Heavy Duty Monorail 155 

158 — Conveyor, Screw Or Spiral 156 

163 — Coupling, Shaft 199 

168 — Crushers, Gyratory 156 

172 — Crushers, Two Roll and Compound 156 

177— Decalcomania, Chromo or Litho-Transfer Work 157 

183 — Decorative Coloring Materials 157 

189— Depreciation 157 

192— Die, Drain Tile 155 

202 — Dolomite and Magnesite 127 

203— Draft Gage and Meter 157 

204 — Drain Tile 155-158 

210B— Drill Press 199 

Also see» Machine Shop equipment 197 

212— Drive, Rope 162 

213— Drive, Silent Chain 162 

214 — Drum, Winding 163-198 

223 — Dryer, Relation of Air to 163 

228 — Dryer, Steam 163 

Also see Pipe-equalization tables 182-184 

235— Dynamite 163 



and use of fuel and other supplies, instructions for In- 
stallation and operation of many pieces of equipment 
thruout a plant, and in addition the most Important stand- 
ard tests for determining the quality of manufactured 
ware. 

The items are listed under the same headings and num- 
bers as used in the definition section, and this index 
shows the page numbers for each item. 

Item Page 

240— Electrical Porcelain 164 

242— Elevator Bolts 166 

245 — Elevator or Bucket Conveyor 167 

251 — Expansion Joint for Piping 168 

258— Feldspar 186-197 

263— Fire Brick 168-185-195 

Also see Refractories 188 

Also see Chrome 135 

272— Flue Gas Analysis Apparatus 170 

Also see Coal, heat value of 163 

Also see Fuels, comparison of 172 

278— Foundations 172 

279— Freezing Test— See Drain tile 158 

281— Frits 172 

285— Fuel Oil 1 74 

Also see Fuels, comparison of 172 

286— Fuels, Comparison of 172 

Also see Coal, heat value of 163 

Also see Flue gas analysis apparatus 170 

297 — Gas Producers 173 

301— Gear 174 

General Information 200 
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462— Pipe and Pipe Fittings 18il-184 
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500— Pulleys 186 
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504— Pump 187 
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533— Rope, Wire 193 
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565 — Shale— See Brick, sewer 131 

566 — Shaper, see Machine Shop Equipment 197 

575— Sieve, Testing 196 
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604 — Steam Traps 196 

605— Steel 196 



STANDARD SIZES 

Standard Sizes of Paving Brick 

The sizes of paving brick have been reduced from 66 
varieties to the following seven (all dimensions in inches) : 

Plain wire-cut, 3x4x8%; plain wire-cut, 3%x4x8%; re- 
pressed lug, 3%x4x8%; wire-cut liig, 3%x4x8%; wire-cut 
lug, 3%x3%x8%; wire-cut lug, 3%x3x8%; repressed hill- 
side, 3^x4x8%. 

Standard Sizes of Building Brick 

The standard size of common and face brick in this 
country is 2^x3% x8 Inches. 



GOVERNMENT STATISTICS 

Sand Lime Brick Ontpnt in 1010 and 1020 

Percentage 
gained 1920 

1919 1920 over 1919 

Gross output 146,947,000 169,761,000 16 

Gross value $1,705,163 $2,490,283 46 

Average price per 

thousand $11.60 $14.67 26.5 
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Clay Products Output in the United States In 1010 and 1020 



1919 
CommonBrlch: (EBtlmated) 

Quantity (thouaanda) t. 652.607 

Value JB8,220.000 

Average price per thousand ". 112.79 

Face Brick: 

Quantity (thousands) 773,190 

Value JI6,2*O,O0O 

Average price per thousand tl9.ES 

Enameled brick t«4O,0OO 

Fancy or ornamental brick J40,000 

Hollow Buildlns Tile or Block: 

Quantity (fons) 2,310,450 

Value JlS.SaO.OOO 

Average price per ton $7.19 

Tile (not drain) tT.SSO.OOO 

Architectural terra cotta 14,840,000 

Vllrlfled brick or block: 

Quantity (thouaandB) 48E,I39 

Value Jll, 210.000 

Average price per thousand 123.11 

Sewer pipe 118.170.000 

Drain tile |10,*20,000 

Ftre Brick : 

Quantity (thousanda) 943,942 

Value 136.170.000 

Average price per thousand t3fi.32 

Stove Lining »730,000 

Miscellaneous tT.l 00.000 

Total brick and tile »l 84.650,000 

Total Pottery $76,140,000 

Orand Total 3260,790,000 

Comparative Ctuirta 



1920 


Approximate Tnc 
Decrease In 
Quantity or 

X 3lfoS 

+ 14.84 
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Pott«ry Producia In 1010 and 1020 



1920 1920 

(estimated) Amount 
3 1,386,000 +3 225.0 



Value of Some 
H c a T T CUy 
Prfrfneta. 



Refractory Ore Output In 1010 and 1»20 

Percentage In- 
crease or De- 

1919 1920 1919 and 1920 

Magneslte, tonnage 156,22fi 303,767 + 94 

value 11,248,415 12,748,160 +120 

Bauxite, tonnage 376,566 521,308 + 28 

value $2,201,747 $3,247,346 + 32.2 
Chromlte (chromic 

iron ore) tonnage 6,079 2,602 — 50.7 

value fl29,302 $44,113 — SE 



White 

Chin 



045,000 
180.000 



inita 



Porcelain elec 

cal supplies 
Miscellaneous 

Total 

•IncludInK art pottt 
burner tips, gas-mantl' 



12,190.000 

•4,625,000 . ..__., 
370,140,000 3106,700, 



,480,000 
,660.000 



9,660.000 +33 



+ 6,370.000 +52 



rtnga, hardware 



ing and C^e- V„- appllanCBB, hardware trli 
porcelain *i«a*-^"^DlB. Plns. stilts, and spurs ... .- — 
porcelair, Icftd P^ips arid door knobs; potters' supplies 
Ing P'Pft\^'i^te''^Srpe"'>"' '"»"■ 
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2— ACCOUNTING 

The accompanying chart is very useful at inventory time. 
It is used when the number of brick or tile per cubic foot 
for each size is known or can be determined for use as a 
standard. When this average per cubic foot is known it is 
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Ckart for Determining Stoek from SIm of Pile 

only necessary to measure the pile and multiply the num- 
ber of cubic feet by the standard average for the particular 
size. The line drawn across the chart shows how to 
operate it. This line is drawn for a pile of 1,000 cubic 
feet when the standard average per cubic foot is 25. This 
shows on the second column that the pile contains 26,000 
pieces. 

Definition of Important Valuation Terms 

The following definitions of terms entering into ac- 
counting work are used by Arthur D. Little, Inc.: 

Value. Means not only exchange value in dollars, but 
may properly be used to measure utility. The utility of 
such an unexchangeable article as the human hand is 
measured in dollars for the purposes of award or com- 
pensation. There can be but one correct amount for any 
particular value, but there may be several different values 
for the same commodity. 

Fair Market Value. Is the amount of money which 
would induce a sale as between a willing seller and 
prudent purchaser; provided both seller and purchaser 
possess enlightened knowledge as to the particular com- 
modity changing hands. 

Service Value. As applied to clay deposits this term 
has somewhat the same meaning as "intrinsic value," ex- 
cepting that it is a broader term and includes the extrinsic 
factor of availability. It therefore may be defined as the 
value due to quantity, quality, and location, irrespective 



of ownership or management. To use a marine expres- 
sion, it is the "as is and where is" value. It exists re- 
gardless of earnings. 



Value. Also known as "Going concern" or "Going 
concern value." It relates to establishment of earnings 
and may accrue in addition to and over-and-above "Service 
Value." The wise exploitation of a clay deposit for profit 
results in a certain going value accruing to such deposit 
thru actual monetary returns. 

Popular Demand*. Is used in its ordinary meaning. It 
is applicable to clay deposits on account of the insistence 
of the trade for certain recognized brands. For example, 
certain brick, tile and other clay products under trade 
names have become so popularized that proper considera- 
tion of this fact is essential to a fair valuation. 

Economic Injury. Results when a portion of a valuable 
clay deposit is removed or depleted. Such economic 
injury is suffered irrespective of appreciated value due to 
enhanced real estate prices or other extrinsic infiuences. 
A valuable deposit of kaolin is "economically injured" 
thru depletion notwithstanding the fact that the building 
of a new railroad has enhanced the total value of the 
property. The value of the deposit itself has sustained 
depletion. 

Mineral Rights. The Property interest of one who pays 
a periodical rental to the owner of the property for tha 
privilege of quarrying or ezploitfng a deposit. 

Mineral Fee. The ownership of the clay alone. It does 
not include fee title to the surface. 

Depreciation. Means the gradual reduction in the 
value, of property due to phsrsical deterioration, ex- 
haustion, wear and tear thru use in trade or business. 

Obsolescence. Means the gradual reduction in the value 
of property due to the normal progress of the art tn 
which the property is used or to the property becoming 
inadequate to the growing needs of the trade or business. 
Obsolescence, a gradual lessening of value, must be dis- 
tinguished from "loss of useful value," which contemplates 
an abrupt termination of usefulness. 

Loss of Useful Value. Results when thru some change 
in business conditions the usefulness of the asset is sud- 
denly terminated. Thus, the physical equipment of a mine 
or pit may lose its useful value thru the unexpected en- 
countering of unfavorable geologic conditions. 

Amortization. Applies particularly to those facilities 
constructed wholly or in part to produce articles for the 
prosecution of the great war. For example, a cotton mill 
constructed under war prices or built over-size in antici- 
pation of long usefulness may be subject to amortization, 
wholly or in part. The term is also used to express the 
"writing off" of certain amounts over the useful life of the 
asset. For example, the amortization of the amount or 
bonus paid for a leasehold covering a definite period. 

Depletion or Depreciation Allowed. Are the amounts 
allowed as deductions from gross income based upon the 
depletion or depreciation suffered during the taxable year. 

Depletion or Depreciation Sustained. Are the amounts 
necessarily deducted from invested capital or cost on ac- 
count of depleting or depreciating the clay deposit or 
physical property from date of acquisition. It is a recog- 
nition in audit of what actually happens. 

Mineral Property or "Propcrtsr" includes clay deposit, 
plant and equipment, development, and the surface value 
of the land. The value of a clay property is the sum of 
the values of its component parts. 

Discovery. Is not applied to extensions of known de- 
posits or ore bodies. It may be defined not only as a 
discovery of a new mine or deposit not previously known 
to exist, but the discovery of the true nature of a known 
deposit. The utility of a deposit may be discovered as 
well as its physical presence. For example, a deposit of 
"clay" or "dirt" may be discovered to be high grade 
Fuller's earth. There is no advantage in knowing that a 
deposit exists if ignorant of its true character. 

How Much Can You AfFord to Spend? 

The question that is uppermost in the mind of every 
manager, superintendent or owner whenever any additions 
or improvements are contemplated on the plant, is "how 
much can we afford to spend for cost cutting equipment?" 
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In order to facilitate the arriving at an answer to such a 
question in any given case, the accompanying formula has 
been evolved. The use of this formula is especially ap- 
plicable because of the general interest on this subject at 
the present time. 

The formula is arrived at as follows: 

Let A equal the number of days in the year that the 
plant usually operates, or the number of days that 
it is estimated it will operate. This item must be 
determined conservatively and some allowances 
made for possible shutdowns due to a shortage of 
business or accidents. 

B equal the daily cost of labor and purchased material, 
such as coal, that will be saved by the new installa- 
tion. This usually can be estimated rather closely. 

C equal the daily saving that will be made on account 
of increased production. 

D equal the daily saving on account of increased 

quality. 
E equal any daily increase in cost of operation and 

labor, power materials, or repairs over the cost of 

the same operation at present. 

F equal the interest rate that would annually be paid if 
the money for the expenditure were borrowed. 
Even if the money is not borrowed, it is very essen- 
tial that an interest rate be figured. 

G equal the annual depreciation of the contemplated 

equipment. 
H equal the annual obsolescence of the equipment. 

J equal the present scrap value of any equipment that 

will be discarded. 
K equal the maximum expenditure that is advisable. 
L equal the cost of the contemplated improvement or 

addition installed. 
M equal the interest return that can be expected when 

the improvement is in operation. 

Of course in advance of the installation nearly all figures 
are estimates, but most of them can be arrived at very 
closely. F, G, H and M are all written in percentages 
such as .06, .10, .25 and so forth. 

To arrive at the investment possible in any given case, 
use the formula: 

B+C+D—E 

K=Ax hJ 

F+G+H 

To arrive at the possible return on the contemplated 
investment, use the following formula: 

B-hC+D— B 

M=AX -(G+H) 

L— J 
In this formula the sum of G and H should be subtracted. 
It seems that there ought to be one other point consid- 
ered, that is, the ability of the improvement to render 
unnecessary some expenditure of additional capital. For 
instance, the installation of any equipment that will turn 
the kilns faster will make it unnecessary to build more 
kilns for increased capacity. The formulae take care of 
this apparent advantage in favor of the improvement by 
considering the savings or profits in reduced costs, in- 
creased production or better quality, and therefore it is 
thought that any consideration of the ability to rendet 
the use of additional capital has been covered. 

Considering the first formula, suppose that we wish to 
replace an old stack of a down-draft kiln with a new one. 
because results from the kiln have not been satisfactory. 

Let A equal 200. 

B is hard to figure, but suppose that every time this 
kiln is burned there will be a saving of One Dollar 
in labor and One Dollar in fuel, and that the' kiln 
is burned on an average of 20 working days. This 
would make B equal to 10 cents. 
We will omit any consideration of C because it is 
doubtful if the improvement would increase the pro- 
duction sufficiently to take it into account. 

D might be estimated as One Dollar, which would 
amount to |20 a burn. The draft has been poor 
with the old stack, and the dampness gathering on 
the lower courses of the setting has caused a large 
loss due both to the softening of some and the 
scumming of other brick. 

E will amount to nothing in this case. 

F can be considered equal to .06. 

G is estimated equal to .05 because the stack ought to 
last 20 years. However, the kiln has been in use 
for several years, and we must figure that the kiln 



and stack will be of no further use after six years, 
for we contemplate enlargements that will occupy 
the present location of the kiln and stack. 
H is therefore equal to .12. 
Suppose that we consider that the brick from the old stack 
will be worth |300, we use that figure for J. 
Our formula therefore becomes: 



K=200x- 



.10+1 



+300=11,260 
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.06-I-.05-I-.12 

If, therefore, the stack cannot be built for 1 1,2 60, the 
improvement would entail a loss rather than a saving. 
We have shown this close a comparison purposely. As a 
matter of fact the large majority of cost cutting improve- 
ments that can be made in clay products manufacture 
show a value K according to the formula used often as 
large as 10 and even 30 times the contemplated cost. 

The second formula will often show a return of 15 and 
even 30 per cent, on an investment. 

E will be used in cases like the installation of motor 
trucks, where the cost of oil or gasoline was not en- 
countered before, or in the case of a digging machine 
where no power was used formerly. 

There is another point that might affect the advisability 
of making an improvement. Suppose that this kiln stack 
had been blown down by a storm or struck by lightning 
so that the kiln could not be used without a stack. Sup- 
pose that the stack would cost 1 1,5 00. In this case there 
is the additional benefit to be derived from the con- 
templated improvement of the saviug in the Interest, 
depreciation and obsolescence of the value of the kiln. 
Suppose that the kiln cost 1 5,0 00 and that the interest, 
depreciation and obsolescence amount to the same as the 
values for F, G and H as above, namely 23 per cent. The 
value of these items in dollars and cents will then be 
11,150 annually. This makes the allowable investment 
equal |2,410. 

25— AUTOMOBILE TRUCKS 

The highest speed at which automobile trucks should 
operate in order to prevent undue wear and depreciation 
is as follows: 

Miles Miles 

per hour per hour 

% ton 18 to 20 3^ ton 12 to 14 

1 ton 18 to 20 4 ton 10 to 12 

1^ ton 16 to 18 5 ton 8 to 10 

2 ton 14 to 16 6 ton 8 to 10 

2^ ton 12 to 14 7 ton 8 to 10 

3 ton 12 to 14 Tractors 8 

41— BELT DRESSINGS 

Leather 

A good dressing is an application of luke-warm neat»- 
foot oil to both sides of a cleaned leather belt. If pos- 
sible the oil should be allowed to stay on the belt for ten 
or twelve hours before the surplus is rubbed off. This 
treatment should be applied to a new leather belt several 
times a month. 

Another good dressing consists of melting two pounds 
of edible beef tallow and after it has cooled slightly adding 
one pound of cod liver oil, stirring the mixture in one 
direction until cold. 

Rubber 

Castor oil if not used in excess is an excellent dressing 
for rubber belts. 

Canvas 

A light application of castor or raw linseed oil is good. 

To Determine the Cost of Belt Slip per Year 

To compute the percentage of slip in your belts, use 
this formula: 

100 n (d+t) 

100 

N (D-ht) 
where 

n=r.p.m. of the driven pulley 
N=r.p.m. of the driving pulley. 
d=:dlameter in inches of the driven pulley. 
^^= diameter In inches of the driving pulley. 

t—thi vnefl® ®* ^^® ^®^^ *^ inches. 

If v^^^*^ wftitB we transmitting full power, no matter 
*iow oj^^^ 4t-f you are attending to them, you will always 
get aw^>ftW**r- to the problem, due to the elasticity of the 
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However, if the answer falls within two per cent, you 
can consider your belts in good condition as far as slip 
is concerned. But if the result is much greater than two 
per cent there is something wrong — the slip, is excessive 
and may be very expensive, consuming power, as it does, 
year In and year out. 

To compute the cost of the excessive slip for one year, 
use this formula: 

n d-ht) 
Cost a year in dollar8= ^ 0.98— V P C H W 



■={ 



} 



N (D+t) 
where 

P=h.p. delivered by the engine to the driving pulley. 

Crrcost in dollars of one h.p. per hour. 

H=running hours per day. 

W=working days per year. 

The amount of cost of avoidable belt slip per year is 
also shown by the accompanying chart. The lines con- 
necting these scales show the working scheme. A line 
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Chart to Determine Belt Slip 



connecting the point for six per cent, slip with the point 
for coal at |4 per ton is extended until it intersects 
line G. A line is then drawn from this point to a point on 
scale E corresponding to the tonnage of coal burned per 
year. This line will intersect scale D at a point which 
shows the amount of cost of the belt slip per year, in this 
case about |160. 

The per cent, of belt slip can be determined by finding 
the revolutions of the driving and of the driven shaft. A 
slippage of two per cent, is allowable and really cannot be 
avoided. In laying off per cent, of slip on scale A two per 
cent, should be deducted in order to arrive at avoidable 
belt slip. 

67— BRICK, BUILDING 

The following specifications are excerpts from the stand- 
ard specifications and tests for building brick adopted by 
the American Society for Testing Materials. 

The standard size of building brick shall be 2 ^ by 3 % 
by 8 in. 

Sampling 

For the purpose of tests, brick shall be selected by an 
experienced person so as to represent the commercial 
product. All bricks shall be carefully examined and their 
condition noted before being subjected to any kind of test. 
For the purpose of the tests ten bricks will be required; 
they shall be thoroly dried to constant weight in a suit- 



able oven at a temperature of from 225 deg. F. (107 deg. 
C.) to 250 deg. F. (121 deg. C). 

The absorption test is practically the same as the test 
described under that item in the definition section and the 
reader is referred therefore to Absorption. 

Compression Test 

Compression tests shall be made on at least five half 
bricks, previously dried, each taken from a different brick. 
The half bricks shall be prepared either by sawing or 
cutting upon a yielding bed with a sharp mason's chisel, 
which shall be the full width of the brick. The specimens 
shall be tested on edge. To secure a uniform bearing in 
the testing machine the edge surfaces shall be bedded in 
a thin coat of plaster of Paris spread upon plate glass 
previously coated with a film of oil. Before applying the 
plaster of Paris, the bearing surface of the brick shall 
receive a coating of shellac. The brick shall be pressed 
firmly upon the surface, making the layer as thin as 
possible, and remain undisturbed until set. The de- 
pression of recessed or paneled bricks shall be filled with 
neat Portland-cement mortar, which shall stand at least 
24 hours before testing. 

The machine used for the compression tests shall be 
equipped with a spherical bearing block kept thoroly 
lubricated to insure accurate adjustment, which should 
be made by hand under a small initial load. During 
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the test the beam of the testing machine shall be kept 
constantly in a fioating position. 

The breaking load shall be divided by the area in com- 
pression and the results reported in pounds per square 
inch. 

Transverse Test 

At least five brick, previously dried, shall be tested, 
laid fiat- wise, with a span of 7 in., and with the load 
applied at midspan. The knife edges shall be slightly 
curved in the direction of their length. Steel bearing 
plates, about ^ in. thick by 1^ in. wide, may be placed 
between the knife edges and the brick. The use of a 
wooden base block, slightly rounded transversely across 
its top, upon which to rest the lower knife edges (see 
Fig. 1), or the form of lower knife edge shown in Fig. 
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2, is recommended. If the knife edges shown in Fig. 2 
are used, they should rest upon smooth plane blocks 
of wood at least 2 in. thick. 

The modulus of rupture shall be computed in pounds 
per square inch by the following formula: 

3 Wl 

R= , 

2bds 

In which 1 = the distance between supports in inches, b 
= the breadth and d = depth of the brick in inches, and 
W =: the load in pounds at which the brick failed. 

In recording the results of the test the type of brick 
shall be defined, whether stiff mud, soft mud, dry pressed, 
repressed, sand lime or other types. It is recommended 
that the data obtained be recorded on a "Laboratory 
Record." 

Classification of Bricks 

According to the results of the physical tests, the brick 
shall be classified as vitrified, hard, medium and soft 
brick on the basis of the following requirements: 
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The standing of any set of bricks shall be determined by 
that one of the three requirements in which it is lowest. 

BRICK, SEWER 

The following specifications are excerpts from the ten- 
tative specifications for clay sewer brick suggested by the 
American Society of Testing Materials. 

These specifications cover four classes of clay brick 
Intended to be used in drainage structures for the con- 
veyance of sewage, industrial waste and storm water, as 
follows, the purposes for which they are intended to be 
especially suitable being indicated: 

Glass A Vitrified Brick, for the interior of structures 
where resistance to the abrasive action of velocities up 
to 1 8 ft. per sec. is required. 

Glass B Vitrified Brick, for the interior of structures 
where resistance to. the abrasive action of velocities up 
to 12 ft. per sec. is required. 

Hard Brick, for structures requiring imperviousness to 
internal and external pressures and resistance to the 
abrasive action of velocities up to 8 ft. per sec. 

Medium Brick, for storm water conduits, where a high 
degree of imperviousness is not required and where 
abrasive action is due to low velocities only. 

For definitions of the above classes,, see Table I. 

The consumer or purchaser shall specify the class or 
classes of brick to be supplied. 

The acceptability of brick shall be determined (1) by 
the results of the chemical and physical tests hereinafter 
specified, and (2) by visual inspection, to determine 
whether the brick comply with the specifications as to 
dimensions, shape and freedom from visible defects. 

The acceptance of brick as satisfactorily meeting one 
of these two general requirements shall not be construed 
as in any way waiving the other. 

Materials 

(a) Glay brick shall be manufactured from surface 
clay, fire clay or shale or a combination of these materials. 

(b) By surface clay is meant an unstratified, uncon- 
solidated, plastic, glacial or alluvial clay, laid down by the 
glacial ice sheet, or on the fiood plains of rivers, during 
the present geological epoch. 

(c) By fire clay is meant a stratified clay, usually buff- 
burning, usually less indurated than shales, with poorly 
marked cleavage, laid down prior to the present geological 
epoch. 

(d) By shale is meant a stratified clay, usually red- 
burning, more or less indurated by heat or pressure, with 
well-marked cleavage, laid down prior to the present 
geological epoch. 

(e) The material shall possess such physical and chem- 
ical properties that when molded into brick and sub- 
jected to a suitable temperature the product will be strong, 
durable and serviceable, free from objectionable defects 
and in compliance with these specifications and tests. 



Size 

Sewer brick shall be not less than 2 % by 3 % by 8 in. 
nor more than 2^ by 4 by 8^ in.; except that No. 1 
vitrified brick may be 3 by 4 by 8^ in. but not more 
than 3^ by 4 by 8^ in. 

Chemical Tests and Requirements 

The brick shall be dried to constant weight in a suitable 
oven at a temperature of from 225 to 250 deg. F. (107 
to 121 deg. G.). The consumer or purchaser may pre- 
scribe in advance special chemical requirements in cases 
where sewage, industrial wastes or ground waters have a 
marked acid or alkaline character or are of abnormally 
high temperatures. He may make use of chemical analyses 
of the brick or brick materials to detect deleterious ma- 
terials such as caustic lime, iron pyrites or any other 
materials which are known to cause slaking or disintegra- 
tion. Such deleterious matter contained in the brick 
material shall be cause for rejection. 

The specifications of the absorption test are practically 
the same as described under the definition section entry of 
Absorption. 

Table L— Physicvl Test Requirements for Different Classes of Brick 
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The specifications for the compression and transverse 
tests and for the modulus of rupture are the same as for 
Brick, building. 

Visual Inspection 

All brick shall be given a thoro visual Inspection at 
the sewer trench by a competent inspector employed by 
the purchaser to determine whether the brick, independ- 
ently of the chemical and physical requirements, comply 
with the specifications of general properties as follows: 

Brick shall be of rectangular cross-section, full size and 
of uniform dimensions thruout. Recessed brick shall not 
be accepted. 

Brick shall have straight, parallel edges and square 
comers. The ends and at least one edge shall have a 
smooth plane surface; kiln marks not exceeding 1/16 
inch in depth shall be permitted on the opposite edge. 

Brick shall be thoroly and uniformly burned and when 
broken shall show a fracture of uniform and compact tex- 
ture. 

The color of the brick shall be considered to indicate 
their burning, providing the meaning of the variation in 
color be first determined from an investigation of the 
materials and the process of manufacture. 

Brick shall be free from checks or cracks extending 
into the body of the brick in a manner that would afPect 
their serviceability or strength. Brick shall be free from 
stones, pebbles, and visible grains or masses of lime. 

Brick when struck together or when struck with a 
trowel shall give a clear ringing sound. 

72— BRICK PAVING 

The following specifications for paving brick are ex- 
cerpts from the standard specifications of the American 
Society for Testing Materials. 

The quality and acceptability of paving brick, in the 
absence of other special tests mutually agreed upon in 
advance by the seller on the one side and the buyer on the 
other side shall be determined by the following procedure: 

I. The Rattler Test, for the purpose of determining 
whether the material as a whole possesses to a sufficient 
degree strength, toughness and hardness. 

II. Visual Inspection, for the purpose of determining 
whether the physical properties of the material as to di- 
mensions, accuracy and uniformity of shape and color, are 
in general satisfactory, and for the purpose of culling out 
from the shipment individually imperfect or unsatisfactory 
brick. 

The acceptance of paving brick as satisfactorily meeting 
one of these tests shall not be construed as in any way 
waiving the other. 

The Rattler Test 

Place of Sampling. — In general, where a shipment of 
brick involving ^ quantity of less than 100,000 is under 
consider^i. « the sampling may be done either at the 
brick t^^vi^ "prioif ^° shipment, or on cars at their destina- 
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tion or on the street, when delivered ready for use. When 
the quantity under consideration exceeds 100,000 the 
sampling shall be done at the factory prior to shipment. 
Brick accepted as the result of test prior to shipment, shall 
not be liable to subsequent rejection as a whole, but are 
subject to such culling as is provided for under Visual In- 
spection. 

Method of Selecting Samples.— In general, the buyer 
dhall select his own samples from the material which the 
seller proposes to furnish. The seller shall have the right 
to be present during the selection of a sample. The sam- 
pler shall endeavor, to the best of his Judgment, to select 
brick representing the average of the .lot. No samples 
shall include brick which would be rejected by visual in- 
spection as provided in Part II, except that where con- 
troversy arises, whole tests may be selected to determine 
the admissibility of certain types or portions of the lot 
having a characteristic appearance in common. In cases 
where prolonged controversy occurs between buyer ajid 
seller and samples selected by each party fail to show 
reasonable concurrence, then both parties shall unite in 
the selection of a disinterested person to select the sam- 
ples, and both parties shall be bound by the results of 
samples thus selected. 

Number of Samples per Lot. — In general, one sample of 
ten brick shall be tested for every 10,000 brick contained 
in the lot under consideration; but where the total quan- 
tity exceeds 100,000, the number of samples tested may be 
fewer than one per 10,000, provided that they shall be 
distributed as uniformly as practicable over the entire lot. 

Shipment of Samples. — Samples which must be trans- 
ported long distances by freight or express shall be care- 
fully put up in packages holding not more than 12 brick 
each. When more than six brick are shipped in one 
package, it shall be so arranged as to carry two parallel 
rows of brick side by side, and these rows shall be sep- 
arated by a partition. In event of some of the brick being 
cracked or broken in transit, the sample shall be dis- 
qualified if there are not remaining ten sound undamaged 
brick. 

Storage and Care of Samples.— Samples shall be carefully 
handled to avoid breakage or injury. They shall be kept 
in the dry so far as practicable. If wet when received, or 
known to have been Immersed or subjected to recent pro- 
longed wetting, they shall be dried for at least six hours 
in a temperature of 100 deg. F. before testing. 

The Abrasive Charge. — ^The abrasive in the rattler charge 
shall consist of cast-iron spheres of two sizes. When new, 
the larger spheres shall be 3.75 in. in diameter and shall 
weigh approximately 7.5 lb. (3.40 kg.) each. Ten spheres 
of this size shall be used. 

These shall be weighed separately after each ten tests, 
and if the weight of any large sphere falls to seven lb. 
(3.175 kg.) it shall be discarded and a new one sub- 
stituted; provided, however, that all of the large spheres 
shall not be discarded and substituted by new ones at any 
single time, and that so far as possible the large spheres 
shall compose a graduated series in various stages of wear. 

When new, the smaller spheres shall be 1.875 in. in 
diameter and shall weigh approximately 0.95 lb. (0.43 kg.) 
each. In general, the number of small spheres in a charge 
shall not fall below 245 nor exceed 260. The collective 
weight of the large and small spheres shall be as nearly 
300 lb. as possible. No small sphere shall be retained in 
use after it has been worn down so that it will pass a 
circular hole 1.75 in. In diameter, drilled In an iron plate 
one-fourth in. in thickness, or weigh less than 0.75 lb. 
(0.34 kg.). Further, the small spheres shall be tested, 
by passing them over the above plate or by weighing after 
every ten tests, and which pass thru or fall below the 
specified weight, shall be replaced by new spheres; provid- 
ed, further, that all of the small spheres shall not be re- 
jected and replaced by new ones at any one time, and that 
so far as possible the small spheres shall compose a gradu- 
ated series in various stages of wear. At any time that any 
sphere is found to be broken or defective it shall at once 
be replaced. 

The iron composing these spheres shall have a chemical 
composition within the following limits: 

Combined carbon ....not under 2.50 per cent. 

Graphitic carbon not over 0.25 per cent. 

Silicon not over 1.00 per cent. 

Manganese not over 0.50 per cent. 

Phosphorus not over 0.25 per cent. 

Sulphur not over 0.08 per cent. 

For each new batch of spheres used, the chemical 
analysis shall be furnished by the maker or be obtained 
by the user, before introducing into the charge, and un- 
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less the analysis meets the above specifications, the batch 
of spheres shall be rejected. 
The Operation of the Test 

The Brick Charge. — The number of brick per test shall 
be ten for all brick of so-called "block-size," whose di- 
mensions fall between eight and nine in. in length, three 
and 3% in. in breadth, and Z% and 4% in. In thickness. 
Where brick of larger or smaller sizes than the dimensions 
given for blocks are to be tested, the same number of 
brick per charge should be used, but allowance for the 
difference in size should be made in setting the limits 
for average and maximum rattler loss. No brick should 
be selected as part of a regular test that would be rejected 
by any other requirements of the specifications under 
which the purchase is made. 

Speed and Duration of Revolution. — ^The rattler shall be 
rotated at a uniform rate of not less than 29.5 nor more 
than 30.5 revolutions per minute, and 1,800 revolutions 
shall constitute the test. A counting machine shall be 
attached to the rattler for counting the revolutions. A 
margin not to exceed ten revolutions will be allowed for 
stopping. Only one start and stop per test is generally 
acceptable. If, from accidental causes, the rattler is 
stopped and started more than once during a test, and 
the loss exceeds the maximum permissible under the 
specifications, the test shall be disqualified and another 
made. 

The Scales. — The scales must have a capacity of not less 
than 300 lb. and must be sensitive to 0.5 oz., and must be 
tested by a standard test weight at Intervals of not less 
than every ten tests. 

The Results. — The loss shall be calculated in percentage 
of the initial weight of the brick composing the charge. 
In weighing the rattled brick, any piece weighing less 
than one lb. shall be rejected. 

The Records. — A complete and continuous record shall 
be kept of the operation of all rattlers working under these 
specifications. This record shall contain the following 
data concerning each test made: 

1. The name of the person, firm or corporation fur- 
nishing each sample tested. 

2. The name of the maker of the brick represented 
In each sample tested. 

3. The name of the street, or contract, which the 
sample represented. 

4. The brands or marks upon the brick by which they 
were identified. 

5. The number of brick furnished. 

6. The date on which they were received for test. 

7. The date on which they were tested. 

8. The drying treatment given before testing, if any. 

9. The length, breadth and thickness of the brick. 

10. The collective weight of the ten large spherical 
shot used in making the test at the time of their last 
standardization. 

11. The number and collective weight of the small 
spherical shot used in making the test, at the time of their 
last standardization. 

12. The total weight of the shot charge, after its last 
standardization. 

13. Certificate of the operator that he examined the 
condition of the machine as to staves, liners, and any 
other parts affecting the barrel, and found them right at 
the beginning of the test. 

14. Certificates of the operator of the number of 
charges tested since the last standardization of shot charge 
and last renewals of stave liners. 

15. The time of the beginning and ending of each 
test, and the number of revolutions made by the barrel 
during the test, as shown by the indicator. 

16. Certificate of the operator as to number of stops 
and starts made in each test. 

17. The initial collective weight of the ten brick com- 
posing the charge and their collective weight after rattling. 

18. The loss calculated in percentage of the initial 
weight; and the calculation Itself. 

19. The number of broken brick and remarks upon the 
portions which were Included in the final weighing. 

20. General remarks upon the test and any irreg- 
ularities occurring in its execution. 

21. The date upon which the test was made. 

22. The location of the rattler and name of the owner, 
upon which the test was made. 

23. The certificate of the operator that the test was 
made under the specifications of the American Society 
for Testing Materials and that the record is a true record. 

24. The signature of the operator or person responsible 
for the test. 

25. The serial number of the test. 
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Acceptance and Rejection of Material 

Basis of Acceptance or Rejection.— Paving brick shall not 
be Judged for acceptance or rejection by the results of 
Individual tests, but by the average of no less than five 
tests. Where a lot of brick fall to meet the required 
average, It shall be optional with the buyer whether the 
brick shall be definitely rejected or whether they may be 
regraded and a portion selected for further test. 

Rai^e of Fluctuation.— ?'Ome fluctuation in the results of 
the rattler test, both on account of variations in the brick 
and in the machine used In testing, are unavoidable, and a 
reasonable allowance for such fluctuations should be made, 
wherever the standard may be fixed. 

In any lot of paving brick, if the loss on a test com- 
puted upon its initial weight exceeds the standard loss 
by more than two per cent., then the portion of the lot 
represented by that test shall at once be resampled and 
three more tests executed upon it, and If any of these 
three tests shall again exceed by more than two per cent, 
the required standard, then that portion of the lot shall 
be rejected. 

If, In any lot of brick, two or more tests exceed the 
permissible maximum, then the buyer may at his option 
reject the entire lot, even tho the average of all the tests 
executed may be within the required limits. 

Fixing of Standards.— The percentage of loss which may 
be taken as the standard, will not be fixed In these specifi- 
cations, and shall remain within the province of the con- 
tracting parties. For the Information of the public, the 
following scale of average losses Is given, representing 
what may be expected of tests executed under the fore- 
going specifications: 

General Maximum 

Average Loss Permissible Loss 
Per Cent. Per Cent 

For brick suitable for heavy 

traffic 22 24 

For brick suitable for 

medium traffic 24 26 

For brick suitable for 

light traffic 26 28 

Which of these grades should be specified In any given 
district and for any given purpose Is a matter wholly 
within the province of the buyer, and should be governed 
by the kind and amount of traffic to be carried, and the 
quality of paving brick available. 

Culling and Retesting. — Where a lot or portion of a lot 
of brick Is rejected, either by reason of failure to show a 
low enough average test or because of tests above the 
permissible maximum, the buyer may at his option permit 
the seller to regrade the rejected brick, separating out 
that portion which he considers at fault and retaining that 
which he considers good. When the regradlng Is complete, 
the good portion shall be then resampled and retested, 
under the original conditions, and If It fails again either 
in average or In permissible maximum, then the buyer 
may definitely and finally reject the entire lot or portion 
under test. 

Payment of Cost of Testing. — Unless otherwise specified, 
the cost of testing the material as delivered or prepared 
for delivery, up to the prescribed number of tests for 
valid acceptance or rejection of the lot, shall be paid by 
the buyer. The cost of testing extra samples made neces- 
sary by the failure of the whole lot or any portion of It, 
shall be paid by the seller, whether the material Is finally 
accepted or rejected. 

Visual Inspection 

It shall be the right of the buyer to Inspect the brick, 
subsequent to their delivery at the place of use, and prior 
to or during laying, to cull out and reject upon the follow- 
ing grounds: 

All brick which are broken In two or chipped In such 
a manner that neither wearing surface remains substan- 
tially intact, or that the lower or bearing surface Is re- 
duced in area by more than one-fifth. Where brick are 
rejected upon this ground. It shall be the duty of the 
purchaser to use them so far as practicable In obtaining 
the necessary half-brick for breaking courses and making 
closures. Instead of breaking otherwise whole and sound 
brick for this purpose. 

All brick which are cracked In such a degree as to 
produce defects such as are defined above, either from 
shocks received in shipment and handling, or from defec- 
tive conditions of manufacture, especially in drying, burn- 
ing or cooling, unless such cracks are plainly superficial 
and not such as to perceptibly weaken the resistance of 
the brick to its conditions of use. 



All brick which are so off-size, or so misshapen, bent, 
twisted or kiln-marked, that they will not form a proper 
surface as defined by the paving specifications, or align 
with other brick without making Joints other than those 
permitted In the paving specifications. 

All brick which are obviously too soft and too poorly 
vitrified to endure street wear. When any disagreement 
arises between buyer and seller under this Item it shall 
be the right of the buyer to make two or more rattler 
tests of the brick which he wishes to exclude, and if In 
either or both tests, the brick fall beyond the maximum 
rattler losses permitted under the specifications, then all 
brick having the same objectionable appearance may be 
excluded, and the seller shall 'pay for the cost of the test. 
But if under such procedure, the brick which have been 
tested as objectionable, shall pass the rattler test, both 
tests falling within the permitted maximum, then the 
buyer cannot exclude the class of material represented by 
this test and he shall pay for the cost of the test. 

All brick which differ so markedly in color from the 
type or average of the shipment, as to make the resultant 
pavement checkered or disagreeably mottled In appear- 
ance. This section shall not be held to apply to the normal 
variations in color which may occur In the product of one 
plant among brick which will meet the rattler test as 
referred to under Acceptance and Rejection of Material, 
but shall apply only to differences of color which imply 
differences in the material of which the brick are made, or 
extreme differences In manufacture. 

134— CLAY WINNING 

The Goal Review in October, 1921, contained a very 
good description of the method used In operating a coal 
mine by the room and entry system. On account of the 
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or course this method is not applicable where It is neces- 
sary to keep the surface land in its original condition, as 
some of the pillars must be left in place in that case to 
hold the roof. 

115— CHAIN DRIVE, SPROCKET 

Always operate a chain-belt with the back of the coup- 
ling hook to the wheel, as In Fig. 1. 

The usual instructions are to run hook first on drives 
and bar first on elevators and conveyors. 

When considering the relative merits of different meth- 
ods of running chain-belt drives, the drive should be 
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considered as a whole, and the action noted at four points, 
viz.: a, entering point on the DriveR; b, releasing point 
on the DriveR; c, entering point on the DriveN; d, re- 
leasing point on the DriveN; as shown by a, b, c, d, in 
Fig. 1. 
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In this discussion, the action at a point is said to be 
good when all the articulation or bending takes place In 
the Joint of the links. Fig. 2. The action is said to be 
bad when, in bending, the link rubs on the sprocket, 
producing wear on the sprocket and outside or external 
wear on the hook. Fig. 3. 
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Another fact is also to be remembered: there is never 
more than one tooth in action at any one time. No matter 
how carefully the chain-belt and sprocket may be made, 
as soon as the load comes on, there is a change caused by 
stretch and wear. 

We can pre-determine which tooth shall be in action by 
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making the pitch of the wheel either larger or smaller 
than the pitch of the chain-belt. Thus, on the DriveR, 
Fig. 4, the wheel pitch being smaller than the pitch of 
the chain-belt, the entering tooth does all the work. In 
Fig. 5 the conditions are reversed: the wheel pitch is the 
larger and the releasing tooth does the work. On the 
DriveN the same thing holds, except that here conditions 
are reversed. 

When the wheel pitch is smaller than the link pitch, 
the releasing tooth does the work. Fig. 6. When the 
wheel pitch is larger than the link pitch, the entering 
tooth does all the work. Fig. 7. 

For the best work the pitch of the DriveR should be 



larger than the pitch of the chain-belt, see Fig. 5, and the 
pitch of the DriveN should be smaller than that of the 
chain -belt, as in Fig. 6. The releasing teeth, b and d, 
are, therefore, the working teeth, and the chain-belt can 
seat at a and c quietly and take the load gradually as 
the wheel revolves. 
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Having considered the question of wheels, we will now 
regard the drive as a whole to determine whether the 
chain-belt shall be run bar first or hook first. 

In Fig. 8 we have the DriveR large, the DriveN small; 
hence, b and d are the teeth in action. This drive runs 
bar first; action at a good, at b bad; at c good, at d bad. 

In Fig. 9 we have the same sprockets as in Fig. 8, but 
the drive runs hook first. Here the action at a is bad, 
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but the fact that the hook is not in contact with a tooth 
face at this point makes the consequent wear of little 
extent. The action at b is good. The action at c is 
bad, but this is on the slack side of the chain-belt and 
this bad action causes no wear. The action at d is good. 
It is thus seen that there are two very bad points (b 
and d) where the drive runs bar first, and only one serious 
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Action at d bad. 

trouble (a) when running hook first. Therefore, run 
hook first. 

Consider a drive when the sprockets are such as are 
usually furnished: these are ground to fit the new chain- 
belt; when the latter stretches, both DriveR and DriveN 
are small as compared to it, and teeth a and d are now 
in action. 
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In Fig. 10 we have such a pair of wheels with the link 
running bar first. The action at a is good; at b it is 
bad, but as there is no tension on the chain-belt at this 
point, this is not objectionable. At c the action is good; 
at d it is bad. In this case, therefore, it would seem 
that the wear would be confined to the DriveN wheel. 
This is so in actual practice. 

In Fig. 10 the only wear is on DriveN, caused by the 
bad action at d. The operation forms a hook on d and 
eventually breaks a link. 
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Observe the same wheels with the chain-belt running 
hook first, Fig. 11. The action at a is bad; at b it is 
good; at c it is bad, but not objectionable, because, as 
before, there is no tension at this point; action at d is 
good. Thus all the wear would seem to be on the DriveR 
as a result of the action at a. This is found to be the 
case; hence, both theory and practice show that with 
the chain-belt running bar first, DriveN wheel wears; 
with chain-belt running hook first, DriveR wheel wears. 

Now, it is found that because 
the wear at d, running bar first, is 
caused by the drive slipping up 
the tooth, it tends to undercut and 
form a hook and thus break the 
chain-belt. On the other hand, 
the wear at a, when running hook 
first, is caused by the drive slip- 
ping down the tooth, and the 
wheel will wear out completely 
without endangering the chain- 
belt. It has also been proved that 
the DriveR, running back first, 
lasts several times as long as the 
DriveN wheel when running bar 
first. As the DriveN wheel is in 
nearly every case much larger 
than the DriveR, and the conse- 
quent wear on each tooth is less, 
it would seem that if the chain- 
belt were run so as to wear the 
DriveN, the wear on the two 
wheels would be equalized. This 
would be poor practice for the 
reason that the DriveR, being 
smaller, is more cheaply replaced, 
and the repair account will, there- 
fore, be less running hook first. 
In Fig. 11 the only wear Is on DriveR, caused by 
the bad action at a. The chain wears evenly, does not 
form a hook at a, and not break. Therefore, run hook 
first in drives. 

In elevators. Fig. 12, the head wheel acts as a DriveR, 
the foot wheel simply as an idler, because it is doing no 
work. Therefore, run the drive bar first so as to favor 
the DriveR. 

In conveyors one wheel is always an idler, comparatively 
speaking, and the same reasoning holds as for elevators; 
the chain-belt should run bar first in all cases. 

The foregoing remarks apply equally well to all closed- 
end pin type links: the closed end corresponds to the 
hook and the pin end to the bar, in the foregoing de- 
scriptions. 

In general, therefore, on drives run hook first, and on 
elevators and conveyors run bar first. 

Chain Drive Data 

In transmitting power the engagement of each link 
with the tooth of the sprocket wheel is attended by a 
certain degree of shock, and as this is multiplied and 
intensified as the speed is increased, the working strength 
of sprocket chain drive should be reduced in a com- 
pensating ratio. 

As the result of a long continued and carefully con- 
ducted series of tests, the Link-Belt Co. recommends that 
the working strength of chain drives be determined as 
follows : 

Fot a speed of 200 F. P. M. and under, divide average 
ultimate strength by 6. For a speed of 300 F. P. M. and 
under, divide the same figure by 8. For 400 F. P. M. and 
under, divide by 10. For 500 F. P. M. and under, divide 
by 12. For 600 F. P. M. and under, divide by 16 and 
for 700 r. P. M. and under, divide by 20. 

Allowable h. p. of any chain=safe working load in 
pounds as found abovexchain speed in feet per minute 



33,000 

Chain speed=sp rocket diameter in feetx3.1416xi'Pni. 
of shaft. 

The best speed for operating sprocket chain is 200 feet 
per minute. All sprockets should have more than eight 
teeth to avoid excessive wear. Use long pitch chains only 
for slow speeds and short pitch chains for high speeds. 
The medium pitch chain is the best under average con- 
ditions. Thin grease or heavy oil should be used for 
lubrication of sprocket drive chain. 

Courtesy IJnk-B«lt Ca 



123— CHROME 

The following, dealing specifically with Chrome is a con- 
tinuation of the methods of analysis shown on pages 147 
and 148 in item No. 133 Clay testing. 
Chrome Ores and Chrome Brick 

20. The sample shall be secured after manner of any 
of the approved methods of sampling. If from ores or 
chrome-bearing refractories, it shall not be less than 10 
lb., in small nut-size particles when sent to the laboratory. 
If from chrome brick, the sample shall consist of a small 
portion from the interior of from 15 to 26 brick. This 
lO-lb. sample shall be crushed to pass a 20-mesh sieve 
and quartered until a sample of 100 g. Is secured, which 
shall be ground to pass a 100-mesh sieve. From this 
portion, a smaller working sample shall be quartered and 
ground in an agate mortar to a very nearly gritless powder. 
In the case of hard burned brick or hard lump chrome 
ore the very fine grinding assists materially in solution 
of the sample. 

21. Dry the fine, ground powder at 110 deg. C. for not 
less than one hour. Cool in desiccator. Fuse 0.6 g. of 
the thoroly dried sample in approximately 10 g. of fused 
potassium bi-sulfate in a platinum crucible. The usual 
cautions of a bi-sulfate fusion should be observed: that is, 
the fiame turned very low so that the bi-sulfate Just melts, 
increasing the fiame so that the bi-sulfate remains in a 

. liquid condition, very gradually increasing until the 
crucible reaches a dull red heat. The object of the slow 
heating is to retain the sulfuric acid, which is the effective 
part of the fiux. The most refractory ores should be 
thoroly fused in 1^ to 2 hours. Remove the crucible from 
the burner and allow to cool in the air. The bi-sulfate 
melt will shrink from the crucible and may be removed 
easily in one cake. Dissolve the fusion in 200 cc. hot 
HCl (1:1), boiling until the solution acquires a clear, 
bright green color. Transfer the solution to a porcelain 
evaporating dish and evaporate to dryness on a water 
bath. Bake at exactly 120 deg. C. until free from hydro- 
chloric acid fumes. Moisten with hot HCl (1:1), evap- 
orate on water bath and bake a second time at 120 C. 
Dissolve in 200 cc. hot dilute HCl (1:1), and filter out 
the silica. Ignite and weigh the silica in a platinum 
crucible. Add two drops concentrated H2SO4 and suf- 
ficient HF to remove all silica. Evaporate, ignite and 
weigh. The difference gives the amount of silica present 
in the sample. Should there be any appreciable residue 
left in the crucible it should be fused with a small amount 
of fused KHSO4 and added to the filtrate from the silica. 
Dilute the filtrate from the silica to about 500 cc. and 
precipitate iron, aluminum, chromium and titanium, if 
present, with NH4OH, using care to have not more than 
two drops of NH4OH in excess in order to avoid solution 
of chromium and aluminum hydroxide in the alkaline 
solution. On account of the relatively large amount 
of magnesium that is usually present in chrome ores 
and chrome brick it is advisable to dissolve the pre- 
cipitate in hot dilute HCl and precipitate a second time. 
Filter out the combined hydroxides and dissolve them on 
the filter paper with HNO3, catching the solution in a 
porcelain casserole. Add a few crystals of KCIO3 and 
evaporate the nitric solution, adding a crystal of KCIO3 
from time to time until the chromium is completely oxi- 
dized, which is indicated by a change from a dull green 
to a brilliant orange color. Dilute this solution with hot 
water and again precipitate with NH4OH, filtering as 
before. The filtrate contains a large percentage of the 
chromium, while the residue on the filter consists of iron 
and aluminum hydroxides and titanium, if present. Repeat 
the oxidation two or three times until the filtrate from 
the iron and aluminum hydroxide precipitation shows no 
further traces of chromium. Concentrate and combine the 
filtrates containing chromium to approximately 600 cc. 
Add H2SO3 until the liquid changes from a bright orange 
to a brilliant green color and heat to boiling. Add NH4OH 
to precipitate chromium as hydroxide, having not more 
than two drops in excess, as stated above. Filter, wash 
well with hot water, ignite and weigh as CnOs. The iron 
and aluminum and titanium hydroxides are ignited and 
weighed in a platinum crucible. Fuse the combined oxides 
with a small amount of KHSO4, following the same pre- 
cautions as mentioned above. Dissolve the fusion in dilute 
H2SO4, reduce with H^S and titrate the iron with standard 
permanganate solution. Determine the titanium present 
by the colorimetrlc method, as described in Section 16. 
Subtract the combined amounts of Fe,0, and TiO, from 
the total ^eigli^ of the three oxides and thus determine 
AI2O3. It tuaui^™ ^^ absent, reduce the iron with metallic 
zinc and v urate ^^^^ KaMn04, which is a little quicker 
method tv tYxe H^S reduction. 
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To the combined filtrates from the precipitations of 
Iron, aluminum, chromium and titanium hydroxides add 
bromine, allow to stand for a few minutes and then add 
sufficient NH4OH to precipitate the manganese hydroxide. 
Boll to concentrate the manganese hydroxide If any be 
present. Filter, ignite and weigh as Mn304. In the filtrate 
from the manganese add NH4OH and (NH4)3C204. Heat 
to boiling and when the calcium oxide has settled, filter 
with the usual precautions. The calcium oxide may be 
determined by ignition or by the volumetric method. 
(Refer to the determination of calcium oxide as described 
in Section 17.) 

Braporate the filtrate from the calcium oxalate to dry- 
ness with HNO3 to remove the excess of ammonium salts. 
Dissolve the residue In hot water, filter, allow to cool and 
determine MgO as described in Section 18. 

Determine alkalies by the J. Lawrence Smith Method, 
as described in Section 19. 

Rapid Routine Method for the Analysis of Chrome Brick 
and Chrome Ore 

22. The sample shall be secured after the manner of 
any of the approved methods of sampling. If from ores 
or chrome bearing refractories it shall not be less than 
10 lb. in small nut-sized particles when sent to the lab- 
oratory. If from chrome brick, the sample shall consist 
of a small portion from the interior of from 15 to 25 
brick. This 10-lb. sample shall be crushed to pass a 
20-mesh sieve and quartered, until a 4-oz. sample is se- 
cured, which shall be ground to pass a 100-mesh sieve. 
From this portion a smaller working sample shall be 
quartered and ground in an agate mortar to a very nearly 
gritless powder. In the case of hard burned brick or 
hard lump chrome ore the very fine grinding assists ma- 
terially in solution of the sample. Dry the fine, ground 
powder at 110 deg. C. for not less than 1 hour. Cool in 
desiccator. 

Chromium 

23. Fuse 0.5 g. of the sample in 8 to 10 g. of sodium 
peroxide in a nickel or porcelain crucible over a Bunsen 
burner, being careful not to heat too strongly. When 
fused, leach out with cold water, boll 15 minutes to de- 
compose any sodium peroxide. Cool and add 100 cc. of 
H2SO4 (1:1). Cool to tap-water temperature and titrate 
with ferrous ammonium sulfate and potassium perman- 
ganate. Time 30 to 45 minutes. 

Silica and Iron 

24. Fuse 0.5 g. of the sample in a nickel crucible over 
a Bunsen burner. Leach out with cold water, make acid 
with HCl and evaporate to dryness. Take up with 200 cc. 
water and add 10 cc. HCl. Filter off silica and wash well 
with hot water and hot dilute HCl. For high silica a 
second evaporation is necessary. The filtrate or com- 
bined filtrate Is made alkaline with sodium hydroxide and 
about 6 cc. of bromine added. The mass is allowed to 
digest for y^ hour on a steam bath. This oxidizes the 
iron and chromium, precipitates the iron and dissolves 
the chromium and aluminum. After precipitating the iron 
twice it is filtered off on an asbestos plug and washed 
well with hot water. This precipitate of iron may be 
dissolved off the plug with hot HCl (1:1) and determined 
by the stannous chloride reduction, and permanganate 
method. 

A blank should be run in conjunction with this method 
and deductions made when necessary to determine the 
purity of the chemicals used. 

128— CLAY PLANT LOCATION AND DESIGN 

Factors to be Considered In Building a Plant 

1. Demand. Basis of size of plant. 

2. Selling prospects. Basis of size of plant. 

3. Raw materials. Availability and quality. Quality 

of water is very Important. 

4. Shipping facilities. Raw materials, fuel, market. 

5. Power. 

6. Labor. 

7. Shipping facilities are dependent to a great extent 

on the size of the plant. 

8. Fuel, quality, price, quantity, availability, and de- 

pendability are Important. 

9. Railroad competition Is a good factor. 

10. Water shipments are good when available. 

11. Availability and value of plant. 

12. Topography of land. 

13. Taxes. 

14. Dust and smoke nuisance. 



Bnlldlng Data 

For building higher than one story, Tyrell gives the 
following approximate costs in percentage for the same 
fioor areas: 

First story 100 per cent. 

Second story 92 per cent, additional. 

Third story 87 per cent, additional. 

Fourth story 86 per cent, additional. 

Fifth story 85 per cent, additional. 

This is caused partly because of the stronger Walls that 
the lower fioors must have in order to carry the upper 
fioors. 

See also statistical section of Kilns, Down-draft design 
and construction of. 



84— BURNING, VITRIFICATION PERIOD OP 
Temperatures Employed In Burning Clay Waras 



Cone 

Common Brick {fjJifj^^ .?*^: -'Jil!!! 

Pace Brick {?.?*JVaV ! ! ! ! ! i! 'll 7 

Paving Brick (Vitrlfled) 02- 6 

Plre Brick (Clay) 7.12 

Plre Brick (SUlca) 17-19 

Chrome Brick 17-20 

Magneeite Brick 17-20 

Bauxite Brick 17-20 

Hollow BuUdlnff (Surface Clay '.011-08 

^ , Tile I Shale 08-04 

£>«;»n TUe 011-08 

Sewer Pipe 2-7 

Rooflnr Tile .' . 04- 2 

Architectural Terra Cotta 01- 7 

Enamel Brick 1. 7 

whjfwar. Ill's?'*.. ::::::-•• I: J 

SanlUrrWar. [^]!SS:\ \ |:" 

Floor and Wall Tile .'.'."*.* 6-7 

Electrical Porcelain o-ii 

Stoneware (Chemical) \\, 17-I8 



Temperature 

Uraal 
Ranre #Tem. 
Der. C Der. F. perature 



860 
090 
1070< 
1160 
1110' 
1270. 
1470- 
1470 
1470. 
1470- 
020. 
990- 
920- 
1170- 
1070- 
1130- 
1150- 
1270- 
1160- 
1290- 
1190. 
1260. 
1810- 
1470- 



. 990 
■1070 
•1210 
-1270 
-1230 
-1870 
1610 
-1680 
-1630 
-1680 
- 990 
1070 
990 
1270 
1170 
1270 
1270 
1810 
1210 
1880 
1260 
1270 
1870 
1490 



1600. 
1800. 
I960. 
2100. 
2000' 
2800. 
2660- 
2660. 
2660. 
2660. 
1600. 
1800- 
1700- 
2080- 
1960- 
2070. 
2100- 
2820. 
2100. 
2360. 
2170. 
2280- 
2890. 
2660- 



-1800 
-2000 
-2200 
-2800 
-2260 
-2600 
2760 
-2800 
-2800 
-2800 
-1800 
2000 
1800 
2820 
2140 
2320 
2300 
2890 
2210 
2480 
8890 
2820 
2600 
2700 



1800 
1960 
2160 
2200 
2200 
2460 
2720 
2770 
2770 
2770 
1800 
1960 
1800 
2800 
2080 
2800 
2800 
2870 
2200 
2420 
2276 
2810 
2470 
2700 



126— CLAY DEPOSITS, CLASSIFICATION OF 
Classification of Clays Adapted From Edward Orton, Jr. 

Q'^^F Claw Sub-ClaM Use 



Primary. 
Formed on 
the spot 
where 
they now 
occur 



ClaM 

1. Entirely de- 
oompoaed 
i6meous 
rock 

2. Partially 
decomposed 
imeous 
rook 



Secondary 1. Deposited 
or Trans- In still 
ported water 



A. White bumlnr 

Kaolin or china Whltewares 
olay 

B. Red bumlnv Brick and tOe 

A. White burning Whltewares 

Cornwall Stone, 
etc. 

B. Red buminc Not used 

A. White burning 

Plastic kaolin 
Ball days 

B. stratified fire 

days 

Hlffhly refrac- 
tory 

Hard Flint 

Plastio 

Vitrifying or 
No. 2 



Whltewares 
Whltewftres 



2. Deposited 
from run- 
ning water 

8. Deposited 
by glacial 
action 

4. Deposited 
by wind 

6. Residual 
clays left by 
the decom- 
position of 
secondary 
rooks 



C. Shales 

Nearly pure 
Hard, Sandy, 
Soft, Calca- 
reous, Ferru- 
ginous, 

Soft or Joint 
Clays; Bitu- 
minous. 

D. Fine grained 

Alluvial clays 
B. Bog or swamp 
clays 

A. Sandy days 

B. Clayey sands 

A. Boulder day or 

tin 

B. Slip clays 
A. Loess 

A. Refractory 

White burning 

Buff burning 



B. Fusible 



Refractories 
Refractories 
Refractories 
Stone ware, sewer 

pipe, paring and 

buUdIng brtek 

{Roofing tile 
Common A face 
brick 
Common briek * 
drain tile 
Brick of all sorts, 
sewer pipe, tile 

Generally avoided 

Briok and tile 

Seldom used 
Brick and tile 
Brick 

Briok and tile 

Cheap glases 
Brick and tile 



Whltewares, Example 
Missouri kaolin 
Refractories, Example 
Flint and plastio fire 

clays of Missouri 
Seldom used 
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Olassillcatian of Clays Adapted from Orton and Wheeler 



High 

Grade 

Clays 



White Ware 
Clays 

Refractory 
Clays 

Pottery Clays 



Vitrifying 
Clays 



Low 

Grade 

Clays 



Brick Clays 



/Kaolin 

< China Clay 
(Ball clay 
/Plastic Fire Clay 

< Flint Clay 
(Refractory Shale 



Stone Ware Clay 

and Shales 
Paving Brick 
Clay and Shales 
Sewer Pipe Clay 

and Shales 
Roofing Tile 
LClay and Shales 

''Terra Cotta 
Clay and Shales 



< 



Common Brick 
Clay and Shales 
Drain Tile Clay 
and Shales 



From 



Gumbo Clays 

Loess and Adobe Clays 

Slip Clays 

Fullers Earth 

Rolfe, lUinolB State Oeolofflcal Survey. Bulletin No. 
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132— CLAY, PROSPECTING FOR 

The work should be done in the following order: 

Ijand Suryey 

This map should show all property lines, the locations 
of all buildings, streams, railway lines, shafts, first pros- 
pect holes, well springs, timber and the names of the 
adjoining property owners. The map should also show 
the connection with the nearest Tillage and railroad. 

Topographical Map 

This map should show everything the first map shows 
and in addition should show all the elevations at ten foot 
intervals and on the fiatter portions of the property should 




Blap 1. liftiftd Surrey Map 

show all elevations at no less than five foot intervals. On 
this map should be placed the locations of all drill holes 
and all prospecting holds. 

IMlliiig or Prospect Holes 

Before it is determined to use a diamond drill on the 
property either the state geologist should be consulted or 
the geological bulletins of the part of the country under 
investigation should be procured and studied. Most people 
do not realize how much work has already been done for 
them by their own state and country. If it is found 
that there are other measures beside the one under con- 
sideration which may have economical value or that the 
measure under consideration Is covered by material, then 
at lea^t one diamond drill hole should be drilled in order 
to locate and find the extent of these deposits. If this 
first drill hole should show possibilities then more of these 
should be drilled in order to determine if the material 
runs uPlform and to determine the pitch and regularity 
of the measures. 



If the body runs shallow then hand drills or wells should 
be dug at regular intervals, the location of which should 
be on the topographical map. 

Clay Testing 

From the drill holes and from the prospect holes all 
the material should be saved and an accurate log kept 
of each different kind of material, so that It can be tested 
and the tests made to correspond with the map. These 
tests and records will be discussed In detail later. 

One of the first points to determine Is the condition of 
the title to the property. When we obtain map No. 1 we 
notice there are two tunnel openings out of which coal 
has been taken. We have been assured that there was 
good coal on the property, but nothing was said about 
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Map 2. Metkod of Making Topoirrapklcal Map 

any quantity having been taken out. Further, it would 
look from the map that the clay prospect tunnel lay 
below the coal opening and if this is so, and very much 
coal had been removed, we should like to know whether 
or not this had destroyed the roof so that the getting out 
of the clay would be Jeopardized. 

We see that there is a well on the property, also a 
creek and a river across the track. 

1. What is the Quality of this water? 

2. Would it cause scale or scum in boilers? 

3. Is either stream capable of generating power? 

4. Is either capable of barge transportation? 

5. What is the value of the timber? 

6. Does the engineer think there is suflicient timber 
to furnish all the mine timber necessary for all the mine 
development? 

7; Is there any other clay on the property? 

8. Is the farm land sufliciently level and above the 
river to make safe factory site without great expense for 
drainage or filling? 

9. Is the river in the habit of overflowing and causing 
damage? 

10. Can the private road be closed and shut off the 
close route to the town? 

11. What is the policy of the D. & R. O. R. R. about 
taking care of its customers in time of car shortage? 

12. Is the property entirely dependent on one railroad? 

13. How far would a private line have to be built to 
connect with a competitive road? 

14. Could the right of way be obtained without being 
held up? 

15. Gould the surrounding property be optioned at a 
reasonable price if the company should desire expansion? 

All of these questions should be answered and outside 
parties set to work to obtain options on the surrounding 
farms pending further investigations, since it is always 
cheaper to obtain a price on adjoining property before 
any improvement is made than afterwards. Many a com- 
pany has had to pay dearly for this lack of foresight. 

While all these questions are being looked up and the 
water being analyzed for boiler work we Investigate the 
housing problem for the employes, the sanitary conditions, 
and also the labor market. 

When the engii^^^' reports on these points and every- 
thing lo^ks still favorable to the proposition we appro- 
priate x^QpQ money ai^d decide that we should know more 
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about the resources of the property. Hence, we order 
the engineer to make a topographical raap and start some 
diamond drlUs to working. We decide on ten holes, the 
depth depending on the results of the first bole which 
we decide to drill thru all the measures. 

The work thus far has cost us (1,000 and we would not 
take ten times that amount for what we have already 
learned. 
Topographical Map 

In order that we may be In position to get all there 
Is out of the toposraphfcal map that we hare ordered 
made we will find out just how these are constructed and 
what Is their value. 



Wig. a. RCCIiOH of G 
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A topographical map is one which shows with practical 
accuracy all the drainage, culture, and relief features that 
the scale ol the map will permit. These maps on a large 
scale are made by our GoTemment and are published by 
the Coast and Geodetic Surrey or by the United States 
Ceologlcal Survey. No clayworker should be without the 
one which shows his district. These can be procured for 
the sum of five or six cents by writing to Washington, D. C. 

Map No. 2 shows bow these maps are constructed. We 
will consider the bill A (shown In the upper part), and on 
Its surface at every Increase In altitude of 20 feet we will 
mark a station. In mapping we simply project these 
lines on the map we have already prepared and follow 
around the hilts with a line of selected height. Part B 
(the lower part of illuBtratlon), shows this procesa and 
we can now consider that we are looking down on the 
hill from an airplane and that each line represents an 
elevation of 20 feet. 

It will be noted that the more precipitous the hill the 
closer together will be the lines of elevation. These ele- 
vation lines on a topographical map are called contour 
lines. In the illustration the dfCterence of etevatlon has 
been chosen at 20 feet, but where close work la necessary 
and the country is flat any Interval may be chosen. Drain- 
age maps are often prepared with one foot Interval. This 
arbitrary interval Is known as the contour interval and 
should be plainly marked on the map. 
How We Can Apply These Maps to Onr Noeds 

Very often we do not feel like going to the expense of 
having a topographical map made of the property we al- 
ready have In our possession, and for this reason we shall 
diverge from the main topic and show how, at very little 
expense, we can apply the Government maps to our own 
needs. Nearly every Brm has a large scale drawing of Its 
properties. This can be made Into a topographical map 
with very little expense. 

Having procured the Government topographical map we 
will And that section which contains our property and 
mark It In Ink. We will then take it to the nearest 
photographer who has an enlarging camera and for three 
dollars he will photograph on a larger scale this portion. 
Figure 3 shows such a portion cut from a United States 
Geological Survey map. We will now take the large scale 
map that we have made and with the aid of a cheap 
pantagraph trace the contour lines tromthe photographic 
onlargement to our map. The pantagraph will take care 
of the change of scales; all that is necessary is to find 



two or three common points on the two maps. Figure 4 
win show the contour lines transferred to the large map. 
Having procured this map let ns see bow it can Justify 
its expense. 
Use ot the Hap. 

1. Given the pitch of your measures you can calculate 
Just bow much overburden you will have to remove at any 
place on your property without further surveys and this 
can be done at any time. 

2. It will easily show how deep from the surface you 
win have to go to strike any measure. 

3. It win show Just where any body of clay should 
he opened in order to get the proper drainage. 

4. It will show the most economical grades tor your 
railroads and other roads for hauling purposes. 

6. It will show Just how much material your neigh- 
bor has should yon desire to purchase. 

6. It will show where to look for out-cropping of any 
measure. 

7. It will show Just how all drainage systems should be 
laid out. 

8. It will show Just how far the water will seep thru 
from tbe streams. 

9. It will show Just bow deep you can dig your dry 
pan pits without running into flooded water. 

10. It will show how much grading and filling you 
will need for any new building. 

11. It will show when water reaches the well hole 
tn your kilns and how deep you dare dig these to be safe. 

Since we now know how to read a topographical map 
we are ready to receive the first report from our 
engineer. While he was surveying for tbe topography he 
reported to ua that he had found a large body of clay near 
the top of the hill and that It had very little cover on It. 
We Immediately ordered him to send us samples of this 
material which we sent to the laboratory for testing. The 
material proved to be shale and our friend who told us 
of this property knew nothing of the worth of this ma- 
terial since the only clay he was familiar with that was 
of value was fire clay that occurred underneath the coal. 
Topography Applied to Onr Clay Prospect. 

We will now turn to our topographical map No. 5, 
which Is a duplicate of map No. 1, except that it has the 
added features of elevation and also tbe position of tbe 
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diamond drill boles have been accurately located. Let us 
study this map In connection with the questions that 
came to our mind when we were looking over map No. 1. 
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1. Wbftt Is tbe quality of the water? 

The analysts of the water from the well showed that It 
was safe for diinkliiK purposes but was very strong In 
lime and would Elve considerable trouble due to scallns 
In the boilers. 

The creek water was not safe (or driuhiaB, but had 
very little Impurity so that a chlorine treatment would 
make It entirely sanitary, also the boiler compound peo- 
ple could Furnlsb UB a Batlsfactory compound that would 
take care of what little scaling efTect It paBsessed. Fur- 
ther, our engineer reported that there waa abundant 
water flowing at all times of the year to furnish water for 
are purposes and also for factory purposes. He also re- 
ported that upon the property of Mr. Y, at the north, 
there waa a natural reservoir where the creek could be 
dammed and the water conveyed thru a pipe alone the 
contours of the creek until the 120 toot contour was 
reached and there It could be taken thru the old coal 
tunnel Immediately above the factory site. This would 
give a natural bead of 160 Feet and would take care of 
all fire protection and render all pumping unnecessary. 

We Immedlatsly turn to our map No. E and can very 
Boon trace this and know that this Is entirely so, as far 
as our property was concerned. But how about Mr. Y; 
would he aellT We had already anticipated Mr. Y, and we 
have a report from him. The rirer water was very poor 
for boilers as it was contaminated from the coal mines 
further up stream. 

Question 2. Would tt cause scum or scale in boilers? 
We have already answered this point. 

Question 3. Is either stream capable of generating 
power? The small stream has not sufficient continuous 
flow to make it valuable. The large stream has some 
posslblUtleB, but our engineer doubts It the expense would 
be Justified considering the cheapness of the local fuel. 

Question 4. Is the river capable of large transporta- 
tion? No, not without OoTemment improvement. 

Question 5, What Is tbe value of the timber? Our 
engineer reports that there Is suSlclent quantity and qual- 
ity to furnish all the mine timber necessary to develop 
the whole property provided that the cutting Is done care- 
fully and Intelligently and referred us to certain Gov- 
ernment bulletins from the Department of Forestry that 
tell Just bow this should be done. How to first elimi- 
nate some weed trees so the others will have opportunity 
of growth is one important consideration. 

Question 6. Answered with question 6, 

Question 7, Is there any other clay on. the property? 
Tee. There is a large shale measure about 27 feet in 
thickness which reaches from contour 140 feet to 165 
feet and in places it has no cover. He further reports 



without the advice of our engineer we can answer this 
question for ourselves. We see from the map that the 
river has never overflowed tbe D. & R. G. tracks. This 
means that It has never gone over the flfteen toot contour. 
The main portion of the factory site lies between the 
twenty and the twenty-flve foot contour. This means that 
we can excavate five feet without reaching the high water 
mark of the river. Also under normal conditions we would 
have a flfteen foot fall for all sewers and drainage. Fur- 
ther we notice from the contours that tbe factory site is 
comparatively level, only varying five feet over the entire 
area. It will be noticed that the railroad grade Is a little 
below the flfteen foot contour so that we could have a 
slight grade into the factory and still have depressed 
tracks for loading, dropping down the loaded cars as they 
are loaded, by gravity. 

Question 9. Is the river In the habit of overflowing and 
causing damage? When our engineer stated that the 
river had never been over the D, & R. G. tracks, and these 
were only IE feet above the river In a country of hills, we 
had considerable doubt until we looked at the larger 
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that tbe bulk of this clay is on the land of Mr, Y, both 
north and west, and also that there is a large amount of 
- virgin coal under this property, judging from the dip of 
the measures and the topography ot the land. Any other 
clay will be shown from the drill records. 

Question 8. Is the farm land aufllclently level and 
above the river to make a safe factory site without great 
expense in drainage or Ailing In? 

We will again refer to our topographical map No. 5 and 



Government topographical map of this section and dis- 
covered that on the opposite side of the stream there was a 
large flat with a very low bank and we could readily see 
that in flood period this would allow the water to cover 
this entire area, thus taking care of the flood without ma- 
terially ratslag the height of the stream. 

Question 10, Can the private road be closed, thus shut- 
ting oS the near road to the town? No. It leads directly 
from the property under consideration to a public high- 
Question 11. What is the policy of the D. & R. Q. about 
taking care of Its customers In time of car shorUge? We 
were Informed from other shippers along the line that this 
trouble was often very real, not from lack of willingness on 
their part, but from lack of personally owned equipment, 
and when foreign lines were in need of their own equip- 
ment and withdrew it to their own lines, customers along 
this line suffered materially. 

Questloas 12 and 13. la the property entirely dependent 
on one railroad? Our engineer reports that by couatrnct- 
Ing a i^^yi 0jiie ot track the property can be connected 
*'^'' * main trunx line. 
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QueBtlon 14. Could tbe rlgbt of way be obtained with- 
out exceaslve cost? Agalo we are Informed that If va 
would construct a factory ou the proposed site that the 
Chamber of Commerce of the town would donate this 
right of way. 

Question 15. Could the adjoining property be obtained 
at a reasonable price should the company desire expanalouT 

After the engineer's report consldeiiug the discovery of 
the shale on the 140 foot contour and also the amount of 
coal worked out on the property being investigated, thta 
phase of the situation loomed quite large In the HuccesB 
of the whole situation. A report waa finally obtained 
from a third party working on the caee that Mr. Y would 
sell hla holdinga or any portion thereof over 100 acres for 
(100 per acre. We Inatructed this party to try and get a 
Biz months' option at this figure with the privilege of 
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prospecting. This waa done for a figure of $600. Mr. Z 
waa an obstinate individual and would not even consider 
an offer of once and a half the real ralue of hla property 
ao It was decided to let him keep his holding aa the 
company did not wlah to be stung It they could avoid It. 

All gueatlons of this nature were anticipated by study- 
ing the case before purchaae rather than experience serious 
lasses and readjustment afterward. 
Diamond Drills 

We now come to the work of the diamond drills and 
their connection with the map and the ultimate develop- 
ment. A diamond drill works in most respects like a 
batter sampler. It Is a hollow tube which bores itself 
down Into the earth, bringing to the surface an eiaet core 
of the material found below the surface. This core is 
from two Inches in diameter to greater diameters, de- 
pending on the size of the drill. A core two inches to 
two and one-half inches la large enough to give a good 
sample for testing purposes. An accurate log of this core 
should be kept, showing at Just what depths each change 
of material la met and when the core Is removed the 
different sections can be removed, packed up with their 
description and sent to the laboratory for testing. In 
order to Illustrate the use of the log we will reproduce 
the log from holes one and six of map No. G (see Fig. 6). 

The following Is the log of hole No. 1, elevation 174 
leet, the distance being taken from the surface down: 

feet to 7 feet. Surface loam^t claylah nature. Sticky. 
Sample 1-1. 

7 feet to 34 feet. Shale-like material with smalt bands 
of reddish aand-like material scattered thru it at variable 
dlstancea from one to tour feet. Sand seams are small, 
varying from one-fourth inch to three-fourths inch In 
thickness. Sample 1-2. 

34 feet to 52 teet. Limestone. Sample 1-3. Have 
learned that local farmers are in the habit of collecting 
this material and burning It In mounds, then scattering 
the same on their field to increase their crops. Would 
advise having sample analyzed tor possibilities tor agricul- 
tural lime. 

52 feat to 70 feet. Hard slate-Uke substance of no value. 

70 teet to 73 teet. Well defined coal seam of fair Quality. 
Same as is being mined several places in the valley. 
Sample 1-4. 



73 teet to 76 teet. Fire clay. Very dark and plastic. 
Would say It was very high in organic matter and carbon. 
When exposed to the air it weathered Into little cubes. 
Sample 1-5. 

7S feet to 104 feet. Sand rock. Sample 1-6. 

104 feet to 105 teet. Goal of poor bony nature. Sample 
1-7. 

105 feet to 114 feet. Fire clay. Hard and sandy. This 
is the same material as was taken from prospect tunnel 
but drill hole sample waa much harder and more sandy. 
Material from the prospect tunnel must have been weath- 
ered over a long period or was affected In the aide of the 
hill by surface waters. Sample 1-8. 

114 feet to 190 feet. Hard sandrock material. Sam- 
ple 1-9, 

190 feet to 220 teet. Hard slate-tike material, very 
black. Sample 1-10. 

220 teet to 224 feet. Coal. Seemingly very good grade. 
Very free from sulphur and boue. Much better than the 
upper coal. 

224 teet to 230 feet. Fire clay. This sample seema to 
be very uniform and looks like a high grade fire clay. 
Would advise it being tested very carefully. Sample 1-12. 

Hole stopped at this point, aa state geological reports 
ahowed that measures below were very thick and unin- 
teresting, and after the lower coal was located and found 
to be present on this property it was decided to sink all 
the remaining drill holes to this level and see If It ran 
without break on the property, since in some districts 
there had been a great deal of faulting in this measure. 

The following Is the log of hole No. 6, elevation 188 
teet, the distances being taken from the surface down: 

teet to 2 feet. Surface loam of a. clsylsh nature. 
Sample 6-1. 

2 feet to 29 teet. Shale-like material with small bands 
of sand-like material scattered thru It. Resembles Sample 
1-2 very closely and in comparing the two samples aud 
the distance between the two holes would say tliat the 
material was very uniform. Very light in carbon. Mate- 
rial pretty well weathered and much softer than Sample 
1-2. sample 6-2. 

29 teet to 47 feet. Limestone. Closely resembling 
Sample 1-3. Sample 6-3. 

47 teet to 65 feet. Hard slate-like substance of no 
value. 

66 feet to 68 feet. Well defined coat seam. Same as 
Sample 1-4, with exception that the quality seems some- 
vrbat better. Sample 6-4. 

68 feet to 71 feet. Fire clay. Same appearance as 
Sample 1-6, Sample 6-6, 

71 feet to 99 teet. Sand rock. Sample 6-6, 

99 feet to 100 feet. Coal, poor bony nature. Sam- 
ple 6-7. 

100 feet to 109 feet. Fire clay. Hard and aandy. Same 
can be said of this meaanre at this point as was said In 
the first hole. Sample 6-8. 
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109 teet to ISS feet, 
pie 6-9. 

186 teet to 215 teet. 
black. Sample 6-10. 

215 feet to 219 teet. Coal. Very good coal. A amaU 
seam of sulphur rock was noticed thru the measure. This 
seam waa about one-half inch iu thickness. Sample 6-11. 

219 teet to 226 feet. Fire clay. Very good grad«, same 
aa Sample 1-12. Sample S-12. 
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Wfl will now examine the drawlss made Irom tbe log of 
holflB one and six. 

First: We see that the measarea ran yery uniform 
between these two holes and this w&a found true between 
the other holee. This means that in mining we will not 
face dangerous faults and lose the measure after spending 
a lot of money In develoiiment work. 

Second: We see between holes one and six that the 
measures rise a matter of Ave feet and from the other drill 
holes we find that the general pitch Is toward the north- 
east. This tells us that the mine should be opened on the 
front side of the hill and the layout should be made to- 
ward the northeast. In this way all pumping will be 
avoided and the mine will be self draining. Further all 
loads win come from the mine on a down grade which will 
be a material ssTlng In haulage charges. Probably these 
two items alone would have Justified all the monej ex- 
pended thus far. 



Third: By drilling we found that the shale measure 
ran uniformly around the bill and that the material Itself 
was very uniform In quality. 

Fourth: We found that the fire clay which we originally 
went out to prospect Is not of the same quality In the hill 
as It appeared to be in the prospect tunnel which was 
drlren In the hill a matter of 100 feet. This was an- 
doubtedly due to the effect of the surface waters on the 
clay near the out-crop which weathered the material, mak- 
ing It a great deal more plastic and workable. 

Fifth: We discovered a limestone which we did not 
expect existed on the property and which might be tnrned 
Into a commercial possibility. 

Sixth: We discovered a better coal measure 45 feet 
below the river than the one we originally sought. Fur- 
ther It had a roof of very hard material which would keep 
the water out and bad every assurance of giving us a 
dry mine. 

Seventh: We found below this coal a fire clay which 
. seemed to have refractory possibilities. Of course we can- 
not be entirely sure of this until we have the results from 
the laboratory, hut the results of the observation tests look 
very encouraging. 

Eighth: The drill records showed that all materials 
that were to be mined were overladen with a material 
which should give a very good roof and render mining 
comparatively safe without excessive cost for timbering. 

Ninth: The drill records gave us an accurate gauge 
whereby estimates could be made for sinking a shaft for 
the lower clay and coal. The engineers from this record 
knew Just what kind of material they would have to go 
thra. 
Laboratory Tests of Drill Hole Samples 

For a new project It Is not sufficient that a friend burn 
a piece of clay in his kilns and report on the same, or that 
a machinery company make a report on the same. Both 
of these things are well to do. It Is a good thing to have 
a machinery company test the clays, as they have had a 
fund of experience, and their advices are always good lor 
checking purposes. 

The great danger of having a friend In the clay business 
make the tests is that his kilns are not, as a rule, adapted 
to burning different clays, and his burning temperature is 
nnuallr either too high or too low, and tor this reason It 
Is nearly Impossible for him to do a clay Justice. The best 
method Is to have a report made and tests by a competent 



ceramic engineer. This report should tell the followtng 
facts: 

First: Working qualities. Whether the clay will lamN 
nate; whether this can be overcome; whether It Is too 
plastic or too short, and whether the qualities are bad 
enough to make manufacture unsafe. 

Second: The report should tell all the uses to which 
this clay can be put. 

Third: The burning test should be conducted at differ- 
ent temperatures and a curve plotted for each clay which 
wilt indicate the range of temperature of safe burning and 
also the ultimate fusing point. 

Fourth: The report should indicate whether or not the 
clay can be glazed with salt. 

Fifth: A test sbould be conducted to find out any ten- 
dency toward scumming and the amount of barium neces- 
sary to add to overcome this tendency. 

The report will contain many other Items, but these 
points are very essential. 

We win now consider that this work has been done and 
apply the information to the clay problem at hand. The 
laboratory reported that Sample 1 was a shale of good 
working qualities of sufficient plasticity for brick and 
could be worked on either an auger macblue or a sewer 
pipe press. It was free from lamination and scumming 
qaallties. The report said that it did not seem to glaie 
very well, but with an admixture of Sample S taken from 
the prospect tunnel It glazed very satisfactorily. 

The curve Fig. No. 7 showed that It was very safe burn- 
ing and was a good body between cones G and 9 and was 
overbumed at cone 10. The rattler test showed a loss of 
18 per cent. It was recommended very strongly for paving 
brick and would make a red burning sewer pipe with a 
twenty-flve per cent, mixture with H-8 taken from the 
outcrop. 

Sample S. This was the material we first started out to 
investigate. The laboratory reported that all the samples 
from the drill' holes were too short or had too little plas- 
ticity to hold up on a sewer pipe press and that flue grind- 
ing and long panning did not give it sufficient plasticity 
for this purpose, but that the sample taken from the 
prospect tunnel had good plasticity and working qualities 
and from the contour map it appeared that there should 
be ample material of the weathered material to mix with 
the shale and make sewer pipe tor eighty years and if 
property west of the present site could be purchased a 
good sewer pipe plant could he assured. Fig. No. S shows 
the porosity curve for this clay, and It can be ranked as a 
No. 3 (Ire clay. It develops a good strong body between 
cones 7 and 11 and Is overbumed at cone 14. The labora- 
tory reports that the weathered material would be a good 
addition to a chemical stoneware body. 

Sample H12. The laboratory was very enthnslastio 
about the lower fire clay, stating that It had splendid 
working qualities and an extremely strong bond. Its 
refractoriness and fusing point of cone 30 placed it in the 
No. 1 fire clay group and a very high grade refractory 
could be produced from it. Fig. No. 9 shows the porosity 
curve of this material. 

Conclnslon 

After all the reports were In It was decided to finance 
a company three times as large as the first one conceived, 
but that Instead of sewer pipe, as was originally planned, 
that a refractory plant and a paving brick plant be built 
first and the sewer pipe plant to follow. 

A shaft was to be started immediately for the best fire 
clay and a steam shovel purchased and first started cutting 
a depressed track on the factory site, then It was to be 
moved up the hill on the shale, following around the hill 
and not stripping till it was found necessary. When the 
sewer pipe plant was started it was decided to buy a 
second steam shovel and have It work on the outcrop of 
the No. S fire clay and use this shovel during its months of 
Idleness to strip any of the shale that needed It. 

A railroad was to be connected to the trunk line and oil 
of Mr. Y's property purchased. 

The Value of a Clay Deposit 

These formulae for the value of the clay deposits are 
based on the fact that If every year there should be de- 
posited in a sinking fund an amount equal to the value 
of C In each instance, multiplied by the tonnage taken 
out, the BlnUug fund at the end of the term repreaentftd 
by Y Would be large enough to repay the toUl valne 
represeutad ^7 ^^^ formula and Interest on the value ot 
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clay deposit remaining unused each year. A little figuring 
in each case will prove the formulae. 

The formulae for the value of the surface land are 
based on the same principle, except that the amount to 
be deposited in the sinking fund would be equal to the 
value of I, multiplied by the value of the surface land 
undisturbed by the clay digging operations. The value 
per acre of the land undisturbed is to be found by divid- 
ing the original value, as found by the formula, by the 
original number of acres. 

All of the surface land values given herein are based 
on the assumption that when the clay is dug, the surface 
land is rendered unfit for any further use. In the very 
few cases where the surface would not be disturbed, or 
where the land would be of any later use, these values 
will not govern. These cases can be governed by adding 
to the. present value of the surface land, as determined 
by ordinary methods, the value of the clay deposit as 
shown in this article. 

All of the values shown herein are arrived at irrespec- 
tive of the value or equipment of the plant using the 
clay, except the value of Y which must be determined by 
the amount to be used. 

There are four basic conditions affecting the value of 
land containing a deposit of clay. 

When the deposit of clay is being used, use the follow- 
ing formula: 

2 ATC 

(1) V= 

2-l-l-l-IY 
• -When the deposit of clay is not being used, and its use 
will not commence this year, use the following formula: 
r 2 ATC 

(2) W= 

, (1+IZ) (2+I+IY) 

When the deposit of clay is being used and the surface 
has. a value, use the following formula for the surface 
land value: 

(API) (Y+1) 

(3) X=: 

2+I+IY 
When the deposit of clay is not being used and its use 
will not commence this year, and the surface land has a 
value, use the following formula for the surface land 
value: API(Y+1) APIZ 

(4) R= + 

(2+I+IY) (1+IZ) (1+IZ) 

Evidently, when it is desired to find the total value of 
the land which has a surface value and contains the 
deposit, we must add together V and X or W and R, as 
the case may be. 

In all of the formulae shown here the various char- 
acters represent the following values or figures: 

V represents present value of deposit, if now being used, 
or if its use will be started in the present year. 

A represents number of acres which are underlaid with 
clay. 

T represents average tonnage per acre, estimated from 
.average depth of deposit. 

C represents the advantageous price per ton. This is 
the price per ton that the clay deposit is worth. This 
must be figured as a decimal of a dollar. 

I represents the interest due on invested capital. When 
this is six per cent, it must be entered as .06. 

Y represents the number of years that it is thought the 
deposit will last if used at a uniform rate, which in most 
cases must be estimated. 

Z represents the number of years that it is thought the 
deposit will lay idle, or the number of years that will 
lapse before the continuous operation of clay digging will 
be started. When the term represented by Z is concluded, 
the term represented by Y begins. 

W represents present value of clay deposit, if it is not 
now being used or if its use will not be started in the 
present year. 

X equals the value of the surface land, when used for 
farming or other purpose on a piece of land which con- 
tains a deposit of clay which is being dug or will be this 
year. X represents the surface land value when V repre- 
sents the clay deposit value. 

R equals the value of surface land when used for farm- 
ing or other purpose on a piece of land which contains 
a deposit of clay which is not being dug and which is 
not to be dug this year. R represents the surface land 
value when W represents the value of the clay deposit. 

P represents the value per acre of the surface land for 
. farming or other use. 

We must be very careful in figuring the value of C. 



Of course, high grade clays, and clays that are hard to 
duplicate under similar conditions are worth a good price, 
but ordinarily this value must be figured low. Under no 
conditions should any digging equipment be taken into 
consideration when figuring this item. The installation 
of a steam shovel reduces the cost of operation of a clay 
pit, but under very few conditions does it increase the 
value of a deposit of clay. Of course, if the machinery 
equipment of a deposit of clay is owned by the same firm 
or individual as the deposit itself, and the entire plant 
and land is leased, the equipment has a small effect on the 
value of the deposit. 

If a competitor is digging clay by antiquated methods, 
it would seem that G ougbt to be figured at the difference 
in the cost of operation of the two pits. This is not true. 
The value of C is really the advantage in cost of opera- 
tion, which one pit enjoys over another if their equipment 
is equal or the advantage which it would enjoy if their 
equipment were equal. 

Possibly Jones has a pit with modern equipment and 
' can dig clay for ten cents per ton cheaper than Smith, 
who has an old style outfit. If Smith would put in modem 
equipment he would be able to dig clay for the same 
amount as Jones. Evidently, the value of C for the de- 
posit operated by Jones would not be ten cents. His differ- 
ence in cost of operation is a credit to his equipment and 
has no effect on the value of the deposit of clay. 

The distance that clay must be hauled has a comparative 
effect on the value of a deposit. Of two deposits which 
are identical, the one at the plant and the other a half 
mile away, naturally the one at the plant is worth more. 
In figuring the value of C the difference in cost of trans- 
portation by equal equipment from the two pits must be 
taken into consideration. If Jones' pit is closer to his 
plant than is Smith's to his, so that with the most im- 
proved equipment for transportation at both pits, Jones 
could always transport his clay for five cents a ton less 
than Smith, It is evident that Jones can add five cents 
to any other monetary advantages he may have, to deter- 
mine his value of C. 

Drainage conditions also have a comparative effect on 
the value of two deposits of clay, because they directly 
affect the cost of operation. Depth of stripping must be 
considered for the same reason. 

A clayworker can easily find the value of C for his 
condition by answering the following question: How 
much more per ton am I willing to pay for this piece of 
land containing a deposit of clay than for another? 

Often owners think their land valuable because it is 
underlaid with clay. Cost of operation makes it useless. 
This method will determine that it has no value. We 
would suggest a minimum value of one cent for C, if a 
pit is actually in operation. Even tho the cost of opera- 
tion is greater than that of another competitive pit, the 
assurance and satisfaiition of depending on a proper supply 
of clay for the use of the plant ought to be worth that 
much. 

If one firm has a lease on a royalty of 2^ cents a ton 
and since that lease was signed the price on surrounding 
land has increased to five cents per ton, the value of C for 
the owner of the lease is 2^ cents, providing other con- 
ditions are equal. 

All natural conditions, but very few artificial conditions, 
have a bearing on the value of C. 

The owner of a piece of land containing a deposit of 
clay which he has leased will figure his royalty prices 
as the value of C for his holdings. 

133— CLAY TESTING 

As the result of an effort to standardize clay testing 
for laboratory purposes, the following methods have been 
worked out. Each of the tests described has been in use 
for a considerable period of time and will be found to 
give satisfactory results for the purpose intended. 

The forms shown in Figs. 1 and 2 are used to record 
results. These are printed side by side on a sheet 11 by 17 
inches, folding to letter size when completed. 

The general physical characteristics of the raw clay are 
first noted and recorded as indicated on the test sheets. 
These include color, hardness, fracture, uniformity, organic 
matter, foreign material, behavior in crushing, pugging, 
and forcing thru dies, and remarks of a general nature. 

Plasticity is determined by noting the amount of water 
required to form a slip of standard thickness or viscosity. 
The clay is blunged, deflocculated to its maximum viscosity 
with suitable electrolyte, and diluted with water to a 
standard thickness. The amount of water contained In 
the slip is determined, which is the measure of plasticity. 
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llow Various Tests are Condocted 

If a deflocculatlni; agent, euch as hydrochloric acid, Is 
not used, other adverse agenta, which are frequeotly 
present, prevent tbs slip attaining maximum values, and 
erratic results will be shown. Attempts to determine the 
plasticity ol clay on soft mud samples do not give satis- 
factory results, owing to the large and Indeterminate in- 
fluence of the non-plastic material present. 

The standard viscosity tor the clay slip U taken as one- 
tenth of the absolute unit, or one-tenth poise, equal to 
about ten times the viscosity of water at 20 deg. C. 
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cut into flve-iucta lengths, as shown in Fig. 7. The bars 
are stamped with a sample number and notched with a 
hundred millimeter gage, as shown in Fig. S, and the 
average wet weight Is noted. 

The samples on the rack are placed in a dryer at 160 
deg. F. and dried under standard conditions. Should 
warping of the ware be likely to occur uuder ordinary 
commercial conditions, it will very probably he shown In 
the test. 

Several of the dry sample bars are broken in the testing 
machine Illustrated In Fig. 9. The broken sample, near 
the point of fracture. Is dropped Into the "V" gage, shown 
in Fig. 10, and the factor opposite the center of the bar 
noted. This factor multiplied by the breaking weight 
gives the strength of the bar, In transverse rupture in 
pounds per square inch. This strength corresponds very 
closely to the actual tensile strength of the clay, and 
successive tests will be found to check closely. 

The burned-strength is later determined in a similar 
manner, as shown in Fig. 11. 

The dry-shrinkage of the clay is measured with a milli- 
meter scale, each millimeter representing one per cent. 
shrinkage. The dry shrinkage of the bars Is slightly 
greater than that of the sample showu in Fig. 6. but as It 
seems to correspond more closely with the results obtained 
in actual commercial work. It is this value which is re- 
ferred to as dry shrinkage. 

About twenty-four samples are placed crosswise In an 
electric kiln, on supporting bars about 3 H Inches on 
centers. With an oxidizing atmosphere, the temperature 
Is raised at the rate of 100 deg. F. every ten minutes. 

Unless special Information is desired, the first sample Is 
drawn at 1,000 deg. F. and at each 100 deg, F. thereafter. 
The samples are drawn with a long steel rod and dropped 
into a pan of asbestos. They will not air-check it the 
kiln is not allowed to cool before drawing. 

While the electric furnace has been found satisfactory 
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Hydrochloric acid is used for defiocculation. Typical plas- 
ticity curves are shown in Pig. 3. 

The wet strength of the clay Is determined In the break- 
ing machine illustrated In Fig. 4. A sample having a net 
area of one square inch, similar to the samples used in 
cement testing, is employed. Sanjd poured thru a short 
nozzle three-eighths inch in diameter is used tor breaking, 
the average of several samples being taken. The screw 
press and die are shown In Fig. 5. 

For the separation of coarse material and Impurities 
-one hundred grams of clay are blunged into a thin slip and 
sieved thru a two hundred mesh screen. The plus two 
hundred mesh material' is caught on the screen, removed 
and dried, and the weight and character noted. 

The minus two hundred mesh material passes thru the 
screen Into a half-gallon crock below, and Is dried at 
About IGO deg. F., and the weight and character noted. 

Chemical analysis Is made in the customary manner and 
recorded In the space provided. 

To test the drying qualities of the sample, one hundred 
grams of wet clay are pressed Into a briquette and dried 
«t 160 deg. F., under standard conditions. A balance 
and shrinkage gage, as shown In Fig. 6, Indicates the loss 
of weight and the shrinkage simultaneously. Tbese values 
are noted from time to time on the test sheet, and tbe dry- 
ing curve Is plotted as shown. If cracking develops dur- 
ing this test, it Is noted on tbe forms. A hundred gram 
-sample is found satisfactory, and in connection with tbe 
other information noted, gives an excellent idea of tbe 
idrylng properties of tbe clay. 
Afjiklng Tests on Dried and Burned Samples 

For tests on dry and burned material, bars one-half 
Inch In diameter are expressed on to a grooved board and 
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for general preliminary work, it Is not recommended where 
great accuracy is desired. In such cases samples should be 
burned under commercial conditions and the results noted. 
When cool, the color, shrinkage, loss of weight, porosity, 
and specific gravity are determined In the usual manner. 
The SBKinieg sre broken, and the strength and texture 
noted. Vinit Infor"^**^**" Is recorded by curves and figures 



CLAT PRODUCTS CYCLOPEDIA 



]>etermbilnc Bnrnlng ChkracWrfetlcs 

Tbe point at whicb tbe sample sags noticeably In the 
kiln, under its own weight, la designated as the refractory 



This Tepresenta the burning range for extreme claaees ot 
ware. It is not intended to Imply that paving brick, tor 
example, should be burned to a strength of 1,500 pounds, 
or that refractories should be humed to seTeral thousand 
pounds per square inch. 

Vitrification is represented by a great Increase In 
strength with a decrease in porosity, and the development 
of a dense, close, more or less glass-like body. The 
development of these characteristica la clearly indicated 
on the test sheet, 
but no attempt Is 
made to fix any 
particular point as 
the point ot yltri- 
flcation. 

In exceptional 
cases values aa 
hlgb as the tolloW' 
ing have been 
noted In dlserent 
clays; Plasticity 
6.6; wet strength 
6.6; dry atrengtb 

1,710' burned *^'«- "■ Serew Preu and Die (or MmklBS 

Strength iar,300 «— "« '^"* "«" 

The strength test aa an Indication of the degroe ot 
vltriflcation. is tar more sensitive than any other test 
known, according to some. A marked change occurs In this 
property many hundreds of degrees before any other 
change is noted, with the exception of that of color. 
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The burning range Is taken from about the temperature 
at which the strength reaches a value of 1,600 pounds per 
aduare inch, up to th« point ot bending In the kiln. 



By means ot the above tests It Is possible to determine 
the uses to which a clay may be put, or the characteristics 
required In the raw material It certain claasee ot ware are 
to be manufactured. 
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Flc. 7. Method af Caltlav Bari 



Dlrectlaiis for Clay TeBting 

1. A raw sample of about ten pouuda welglit Is ro- 
qulred. 

2. Note 
cbaracterlatlcB 
as Indicated 
on form under 
raw sample. 

3. Dry and 
place In two 
gallon Jar. 

4. Cmsb six pounds, dry weight. 

6. Grind thru 20 mesh Bcreen tor plastic clays and 40 
mesh screen (or stales. For non-plastic clays grind to 100 
mesh and use gum tragacautli or other similar binding 

6. Note how clay acted In crushing and drying. 

7. Place In wet pan and mix tboroly while dry to In- 
sure uniformity. 

8. Remove 
800 grams for ' / q 
wet-sieve and ( ■• 
plasticity Y 
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9. Pug sam- 
ple remaining 
In wet pan to 
proper consistency. 

10. Note bow the clay acted In pugging. 

11. Hard clays and shales should be aged 24 hours. 
Soft clays usually require no aging. 

12. To measure plasticity: 

a. Place 400 grams of water In an electric blnnger — 
the familiar soda fountain egg-beater te excellent. Add 
ground clay as per table to form an aliquot part. A short 
clay win require about a one part mixture. A good ball 
clay win take a four to six part mixture. Blunge until 
tboroly diSBolved — from 5 to 60 minutes. 



wig. s. 
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b. Determine viscosity In poises, and mark point on 
extreme right band line of squared paper. Add one drop 
of commerical hydrochloric acid to slip in cup, stirring 
with plunger while running. Note Tiscoslty, and record 
on line to left of last point noted. Repeat operation until 
a maximum value Is reached and the curve Is flat. Trans- 
fer this point to proper column under number of parta of 
water naed. 



o. Dilute with water as per table and note viscosity 
tor one or more additional points. Plot curve. The 
number of parts of water producing a viscosity of 1/10 
poise Is the index of the plasticity of the clay. 

Example: To make about 400 cc. of a three part 
mixture; to 400 of water add 133.3 gr. of dry material. 
To dilute this three part mixture to a lour part mixture: 
to 400 gr. of mixture, add 100 gr. water. To dilute a four 
part mixture to a 6 part mixture: To 400 gr. of mixture, 
add SO gr. of water. 

13. Record numerical value of plasticity in proper 
place on form. 

14. For wet sieve test place 100 grams of dry ground 
clay in about 300 cc. of water in blunger. Stir until 
tboroly dissolved. (Put water In first.) 

16. When thoroly dissolved, pour contents of bottle on 
to the 200 mesh screen In the wet sieve machine, ueing 
plenty of water to wash out the bottle. Plus 200 mesb 
material la caught on the screen. Minus 200 material 
passes thru into the one-halt gallon milk crock below. 
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16. Wash the material remaining on the screen Into a 
bowl under a small stream of water from tbe faucet. This 
plus 200 material should consist of fine sand, mica, etc.. 
without olay particles, which can be crushed between th« 
fingers. Water running on should be clear. Place In the 
dryer. 

17. Place the minus 200 material in the dryer. 

18. If the clay has been aged, re-pug to proper con- 
sistency. 

19. Work by hand Into solid mass and place in a 
cylinder press. 

20. Attach figure 8 die, and run out a 12 or 14 Inch 
length of clay. Die should be clean and bright inside and 
wet before using. Cut Into one inch lengths with gang 
cutter. 

21. Make wet strength test on ten samples, taking the 
weight of the bucket, sand, clamp and lower halt of the 
sample in pounds. Recover clean samples which remain 
In the upper damp, wasting the sanded samples which 
falls into the bucket. Record weights on form. 

22. Attach H Inch die and fill one V-rack with samples. 

23. ^ith wire cutter, notch one-halt Inch samples 
about OQ^tQiiith way thru with a sliding stroke, In front 
of each >. .. of guide posts, making 32 samples one-half 
inch by ^^ <nctaes. The samples should lie straight and 
true la ^^^8 ^ ^nm ol the grooves. 



1 by ft*"* inches. The st 
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Weii^t of 
Mixture 



For Dllnling ConlAnts of Mixture 

Farts of Water to One Part of Dry Material 



Weight 
,of Water 



600 



600 



300 



200 



r Mixing Dry Materials To Be Added to Water 
Parts of Water to One Part of Drj Material 



S8.6 
43.8 
57.1 
71.4 
85.7 



150 



100 



75 



24. RemOTd one string ol lour eamplea and weigh, 
recording average weight ot one sample as wet weight "A" 
en the form. Surplus clay should be removed from ends 
of string before weighing. 

25. Note color of wet clay. 

26. Note how clay acted In the die. 

27. Mark Bample number with stencil about m In. 
from left end ot samples. 

28. Loosen samples slightly with fingers to prevent 
sticking. 

29. Notch samples lightly with 100 mm. gage. 

30. Place rack and samples In dryer. 



^ 
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31. Press 100 grama of wet clay In a briquette mold. 
Stamp and sample number on briquette. 

32. Place briquette In test dryer. Thermometer should 
stand at 150 deg. F. and clock at 12M. Record loss of 
weight and shrinkage every ten minutes, plotting curve on 

33. When 5 In. samples are thoroly dry, remove from 
dryer on rack. 

' 34. Note If the samples have been warped In the dryer. 

35. Break the samples carefully at 5 In. notches. Only 

the atralghtest and most perfect should be put in the kiln, 
others being reserved for dry-strength test. 

36. Place 27 samples in an electric kiln on supporting 
racks. Samples should not touch sides or bottoms of kiln. 
Place numbered end to left side of kiln. 



37. Bum kiln slowly at first, until samples are thoroly 
heated thru; afterwards at the rate of 100 deg. rise each 
ten minutes. 

38. Extremely fine grain clays may pop In kiln. In this 
case, they must be heated very slowly until red heat la 
reached. 

39. When 1,000 deg. F. Is reached, remove one sample 
and drop into a panful of asbestos. At each succeeding 
100 deg. draw an additional sample. Mark samples on 
right end when cool with lead pencil, and place on rack 
with the dry samples. 

40. When the bars in the kiln soften and stick slightly, 
the bum is nearly completed. When bara bend under their 
own weight the bum Is complete, and the power Is shut off. 

41. Record length In mm. of each sample, including 
dry bars plotting curve direct. 

42. Record color of dry and burned samples. 

43. Record dry or burned weight of samples under 
"b" on form. 

44. Soak burned samples in water five or sti honrs, 
nearly submerged. 

45. Weigh samples submerged in water and record 
as "d." 

46. Roll sample on dry towel to remove surplus water. 

47. Weigh In air and record as "c." 

48. Break dry and bumed samples In the bar machine, 
and weigh the bucket and shot. Record as "w." The 
average of several dry bars should be taken. 

49. Place broken bar In "V" gage and read factor 
opposite the center of bar. Record as "f." 

50. Note amount and point at which black coring dis- 
appears, if present at all. 

51. Note texture of break In burned samples. 

62. Note II lamination or piping has been produced in 
die as shown by broken sample. 

53. When water Is entirely evaporated, remove bowl 
from dryer. Note cracking, curling, etc., as Indicated on 

54. Note character and weight of plus 200 and record 
as indicated on form. 

66. Make necessary calculations from above data and 
plot curves for length, weight, porosity, specific gravity, 
strength, etc. Record miscellaneous data as indicated on 

66. If chemical analysis Is determined, record on form. 

67. Note burning range from temperature at which 
1,500 pounds strength is developed up to bending point. 

68. The temperature at which bending occurs is re- 
corded as the refractory index. 

69. Place samples and record In permanent file for 
future reference. 

For the control of slip and glazes In factories making 
glazed ware, the following method will be found to give 
excellent results. 



Prepare materials, heavier than 
actual use. 

2. Reduce specific gravity to proper point by adding 

3. Test viscosity, 

4. II too thin add hydrochloric acid, or ammonium 
chloride. 

5. If too thick add sodium carbonate or magnesium 

sulphate. 



required for 
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Satisfactory values In a plant using compressed air for' 
spraying were found to be: 

Sp. Gr. Viscosity 

Slip 1.80 .160 Poise 

Glaze 2.20 .120 Poise 

Tests similar to the above are applicable to casting slips 
and other work of the same general nature. Other chem- 
icals than those noted are frequently used for the purpose 
indicated. Temperature is usually of little importance in 
this work, and generally is not noted if nearly normal. 

Specific gravity is determined by completely filling a 
glass-stoppered bottle, inserting the stopper, and washing 
the surplus material from the sides. The bottle is weighed 
and the ordinary calculations employed. When these have 
been once made, only the total weight of the filled bottle 
need be noted on subsequent tests. 

A. S. T. M. Standards 

The American Society for Testing Materials has adopted 
the following standard methods of ultimate chemical 
analysis of refractory materials, which is suitable to all 
clay analysis. 

Prefatory Note. — It will be understood that the maklnsr of a com- 
plete silicate analysis Is a difficult procedure requiring a wide knowl- 
edgre of the chemistry Involved In the operations, and a thoro traln- 
iner in carrying out the work. A skilled analyst of irood training is 
therefore required to do the work. The descriptions here given cover 
the vital points of procedure, but frequent reference in regard to the 
details of the various manipulations must be made to Bulletin No. 
422, United States Geological Survey on "Analysis of Silicate and 
Carbonate Rocks," by W. P. Hlllebrand also, to 'Treatise on the 
Ceramic Industries." Vol. 1 (1913), by J. W. Mellor and to similar 
publications. 

I. General Considerations 

1. The sample shall be crushed in a hardened tool-steel 
mortar, using a pestle of the same sort. Fine grinding 
shall be done in an agate mortar, either by hand, or by 
a mechanical sample grinder of the McKenna, Carling or 
similar type, so constructed as to prevent the introduction 
of impurity. 

2. Moisture shall be determined in the sample in its 
ordinary air-dried condition, and all other percentage 
compositions shall be calculated to a moisture-free basis. 
Whenever a sample is weighed out for any determination, 
a moisture determination shall also be made. If pre- 
ferred, the sample may be dried in a weighing bottle, from 
which the required samples shall be weighed out. 

3. In all cases, check determinations shall be made, and 
the results shall be redetermined if satisfactory checks are 
not obtained. It shall be considered satisfactory if the 
differences between check determinations do not exceed 
the following limits: 
For silica or other constituent amounting to 

30 per cent or over 0.3 per cent 

For alumina or other constituent amounting 

to 10-30 per cent 0.2 per cent 

For any other constituent amounting to 

under 10 per cent 0.1 per cent 

These figures are stated in terms of the whole sample 
as 100 per cent. 

II. Solutions Required 

4. The acids referred to as concentrated shall be of 
approximately the following specific gravities: 

Hydrochloric Acid (HCl) 1.20 

Sulfuric Acid (H2SO4) 1.84 

Nitric Acid (HNO3) 1.42 

5. Dissolve 1.6 g. of ammonium carbonate in 50 cc. 
of cold water. 

6. Dissolve 107 g. of NH4CI in 1000 cc. of warm 
water. 

7. Neutralize 20 cc. of concentrated HNO3 with 
NH4OH and dilute to 1000 cc. Test with litmus; the 
solution shall not be acid. 

8. Dissolve 1 g. of ammonium oxalate in 50 cc. of 
water, heating gently. 

9. The strength of the final standard titania solution 
sliall be 1 cc.=0.0001 g. TiO^. To prepare the solution 

.w^eigh out in a platinum crucible an amount of potassium 
titanium fluoride (KaTiF6) sufficient to make from ^ to 
1 liter of "stock solution" in which 1 cc.=:0.001 g. TiOa. 
Bvaporate several times with H2SO4 without taking to 
dryness, thus driving out all fluorine. Take up the residue 
with water containing enough H2SO4 to make at least 5 
per cent, of the solution, when flnally diluted to the 
standard solution strength. To standardize the stock 
solution take out two 50-cc. portions, dilute, boil and 
precipitate with ammonia. Filter, wash with hot water 
until free from alkali, ignite, blast and weigh. The dupli- 
'cate should check very closely. From the weight of 
titania thus determined calculate the strength of the stock 
solution. The standard solution to be used is obtained 
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from the stock solution by diluting until 1 cc.=0.0001 g 
(TiOa). 

10. Dissolve about 0.4 g. (a little less) of KMn04 
In a liter of water and check against an iron solution of 
known purity and strength. Dilute the solution until 1 
cc.=:0.001 g. Fe^Oj. 

• The ordinary chemical iron wire is not sufficiently pure 
for this use. If preferred the solution may be standard- 
ized against sodium oxalate, a pure form of which is pre- 
pared especially for such work by the U. S. Bureau of 
Standards, Washington, D. C. 

in. Methods 
Moisture 

11. To determine moisture, heat approximately 1 g 
of the sample at a temperature not under 105 nor over 
110 deg. C, to constant weight. 

Loss on Ignition 

12. To determine loss on ignition, heat about 1 g of 

nnn l^™?l?n?^!^ ^ ^^^^^ ^*™P °^ *^ ^u electric furnace at 
900 to 1000 deg C, to constant weight. Ignition loss 
may be determined In the sample from which the mois- 
ture has been removed. The percentage of ignition loss 
is calculated to a moisture-free basis. 

SiUca 

13. To determine silica, weigh out approximately 5 
g. of the sample and mix with 5 g. of Na^COa. Put a little 
Na^COa in the bottom of the crucible before Introducing 
the mixture, and then cover the mixture with a little more 
Na^COj. Fuse over a Meker burner or blast lamp until 
complete solution is obtained. Cool the fusion and as it 
solidlfles, rotate the crucible to spread the mass up the 
side walls. Dissolve the fusion in about 100 cc of water 
In a platinum or porcelain evaporating dish. Add about 
20 cc. of concentrated HCl, Introducing It slowly by 
means of a pipette, keeping the dish covered with a 
watch glass. Evaporate to dryness and heat until the 
fumes of HCl are gone. Add about 5 cc. of concentrated 
HCl and 30 to 40 cc. of water. Warm on a water bath 
for 10 to 15 minutes and break up the lumps. Decant 
the clear liquid onto a fllter paper and collect the flltrate 
in a 400-cc. beaker. Add more HCl and water to the 
evaporating dish warm again and decant. Repeat this 
a third time. 

Finally transfer the contents of the dish to the fllter 
paper. Wash with cold water until silver nitrate shows 
no chlorides to be left. Transfer the flltrate to the original 
evaporating dish, evaporate again to dryness, take up with 
a little HCl and water, transfer to a new filter paper and 
wash aa before. Transfer both silica precipitates to a 
platinum crucible. Ignite carefully over a Bunsen fiame 
until the filter paper Is burned off, then blast for about 
30 minutes; cool and weigh. Repeat blasting for 5 min- 
utes, weigh again and repeat until constant weight is 
obtained. 

To the residue in the crucible add about 5 cc. of water 
and 5 drops of H2SO4. Add HF drop by drop at first, and 
then slowly until the crucible is almost one-half filled ' 
Warm on a hot plate until almost dry, add 2 or 3 cc 
more of HF and evaporate to dryness. Heat the crucible 
to bright redness and then blast for 5 minutes. Cool 
and weigh and repeat blasting to constant weight. The 
loss in weight from the original silica residue represents 
the actual silica content (SIO^), except for that part of 
silica which Is later recovered from alumina, etc. The 
residue from the HCl evaporation is left in the crucible 
and the total precipitate of alumina, etc.. Is added to this 
same crucible In which It is ignited and weighed. 

Alumina 

14. Regarding the determination of alumina, reference 
should be made to Scientific Paper No. 286 of the U. S 
Bureau of Standards by Dr. Blum on "Determination of 
Alumina as Oxide." 

To determine alumina, to the filtrate from the silica 
determination, add about 10 cc. of NH4CI solution and 
heat to boiling-. Then add NH4OH very slowly and with 
constant stirring until there Is a slight excess. The 
NH4OH must be fre.e from CO2. Filter hot and rapidly, 
and wash four times by decantation with hot solution of 
ammonium nitrate. Carefully wash the precipitate from 
the filter paper into a beaker, using hot water. Dissolve 
the precipitate in hot dilute HCl. Repeat the precipita- 
tion with NH4CI and NH4OH. Decant four times as be- 
fore, using hot ammonium nitrate. Transfer to the filter 
paper and wash with hot ammonium nitrate until the 
washings are free from chlorides when tested by silver 
nitrate. Eivaporate the filtrate nearly to dryness, add a 
little NH40H ft^^ continue the evaporation. Keep the 
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solution alkaline to coagulate any iron and aluminum 
hydroxides. Transfer the precipitate to a filter paper and 
wash thoroly. Transfer the moist filter paper to the plat- 
inum crucible containing the residue from the silica. Bum 
off the filter paper and blast the precipitate. Repeat blast- 
ing and weighing to a constant weight. 

Iron Oxide. 

16. To determine iron oxide, fuse the ignited alumina 
precipitate with about six times its weight of potassium 
pyrosulfate or potassium bisulfate. Avoid sputtering. 
Heat carefully to redness and continue heating until the 
residue is all dissolved. Cool. Dissolve in warm water 
and add about 10 cc. of dilute H2SO4 (1:6). Evaporate 
to a small volume. Then heat to a higher temperature 
until copious fumes of H2SO4 are evolved. Sufficient 
H2SO4 should be present to form a pasty mass when 
cooled. Take up with water, filter off, wash, ignite and 
weigh the silica as before and evaporate with HF as 
before. The loss in weight is extra silica to be added 
to the original silica determination and subtracted from 
the alumina. Fuse the residue with a little potassium 
pyrosulfate or potassium bisulfate, and add the solution 
of this cake to the main solution. Transfer the total 
filtrate to a 260-cc. graduated fiask and dilute to 260 cc, 
mixing thoroly. Draw off 60 cc. of this solution and 
reserve for titania determination. Pass the remaining 
200 cc. through a Jones reductor, or otherwise reduce 
the solution with pure zinc and HaS04. To the solution 
add 3 cc. of 10-per-cent CuS04 solution and titrate with 
standard KMn04 solution (1 cc. equivalent to 4.001 g. 
Fe^Oa ) , until a faint pink tinge is seen. If Jones reductor 
or similar apparatus is used, subtract the KMn04 equiva- 
lent, which has previously been determined on blank 
samples run thru the apparatus. From the result, cal- 
culate the iron as Fe^Od. 

Titania 

16. To determine titania, place in a small Nessler tube 
the 60 cc. of filtrate previously set aside for titania de- 
termination, and fill the tube up to the graduation mark. 
Add 1 cc. of H2O2 (free from fiuorine) and shake well. 
The color of this solution is now compared in any standard 
color comparator with the color of a known standard so- 
lution, preferably of such strength that 1 cc. equals 0.0001 
g. of titanium dioxide (TiO^). To make the comparison, 
put 10 cc. of this standard solution into a second small 
Nessler tube and dilute with water from a burette until 
the color is matched. Note the amount of water added 
and calculate the percentage of TiO^ in the sample. 

Lime 

17. To determine lime, evaporate the filtrate from 
the alumina precipitation to about 260 cc. While still 
boiling add about 6 cc. of acetic acid. Meanwhile, dis- 
solve about 1 g. of oxalic acid in a little hot water and 
add to the solution. In about 6 minutes add a slight 
excess of NH4OH and boil until precipitation is complete. 
Cool thoroly and filter. Wash three times by decantation 

' with dilute NH^OH (1:10) or a 1-per-cent. solution of 
ammonium oxalate. Dissolve the precipitate by adding 
about 60 cc. of dilute HNO, (1:6). Again add a slight 
excess of NH4OH and a few drops of oxalic-acid solution. 
Boil well and let stand a couple of hours to cool. Filter 
and wash as before. Transfer the precipitate to a plati- 
num crucible, carefully bum off the paper and Ignite over 
a blast lamp for about 10 minutes. Cool and weigh 
quickly. Repeat the blasting to constant weight. The 
increase in weight of crucible is calcium oxide. 

Aiagnesia 

18. To determine magnesia, add to the filtrate from 
lime precipitation about 2 g. of sodium-ammonium-phos- 
phate dissolved in 16 cc. of water. Stir vigorously and 
while stirring add drop by drop about one-third of the 
volume of the solution of NH4OH. Let stand 12 to 24 
hours. Filter and wash the precipitate with dilute 
NH4OH (1:10). Discard the filtrate. Wash the pre- 
cipitate until the washings show no discoloration when 
tested with silver nitrate. Redissolve the precipitate in 
warm dilute HNO3 (1:6), using about 60 cc, and collect 
in a beaker. Precipitate and wash as before. Collect the 
precipitate on a Gooch asbestos crucible. Dry slowly and 
then heat over a Meker burner for about 10 minutes; 
cool and weigh. Re-ignite to constant weight. 

The Mg^P^O? is never pure, being contaminated by small 
amounts of calcium, barium, aluminum, iron, manganese, 
etc., but in the analysis of refractories this error is neg- 
ligible, and correction for these impurities is not required 
unless previously agreed upon. 



Alkalies 

19. To determine alkalies, the J. Lawrence Smith 
method shall be used. Weigh out about 0.6 g. of the 
sample and mix well with 0.6 g. of NH4CI and 3 g. of 
CaCOs. Transfer to a platinum crucible, placing about 
0.6 g. of CaCOj in the bottom of the crucible and a similar 
amount over the top of the mixture. Heat gently over 
a low fiame for about 16 minutes to volatilize NH4CI. 
Then raise the temperature until the lower three-quarters 
of the crucible is dull red. Hold this temperature for 
about one hour. Cool, take up with about 60 cc. of water 
and heat over a water bath, adding water to replace that 
lost by evaporation. Break up any lumps with a small 
pestle. Decant the clear liquid thru a filter paper and 
wash four times by decantation. Then transfer the residue 
to the filter. Wash until silver nitrate shows only a very 
faint turbidity. To the filtrate add NH4OH and am- 
monium carbonate and heat to boiling. Filter and again 
digest the precipitate with NH4OH and ammonium car- 
bonate. Filter and allow the filtrate to collect with the 
previous filtrate, then evaporate to dryness in a platinum 
or porcelain dish. Remove ammonium salts by gentle 
ignition in a moving fiame. Treat with water and remove 
the last trace of lime by adding ammonium oxalate to 
the boiling solution and let stand over night. Filter, 
evaporate to dryness, ignite gently and allow to cool. 
Then moisten the residue with HCl, evaporate again to 
dr3rnes8, ignite gently and weigh. Dissolve in water. 
Ignite and weigh any insoluble residue, deducting this 
from the alkali chlorides. 

Dilute the solution of the mixed chlorides and add 
hydro-chloroplatinic acid in amount equal to 0.3 cc. more 
than would be necessary if all chlorides were present as 
NaCl. Evaporate to a syrupy consistency. Cool and treat 
with a few cubic centimeters of 80-per-cent. ethyl alcohol. 
Stir and decant thru a weighed Gooch crucible. Treat 
again with 80-per-cent. alcohol and decant. Repeat wash- 
ing and decantation until the alcohol leaving the Gooch 
crucible is colorless and the precipitate appears golden 
yellow, not orange. Transfer the precipitate to the Gooch 
crucible, wash with 80-per-cent. alcohol about six times 
and dry at 130 deg. C. to constant weight. This residue 
is potassium chloroplatlnate. 

The oxides are calculated as follows: 

Weight of potassium chloroplatinatex0.3068=KCl. 

Weight of potassium chloroplatinatex0.1941=KaO. 

Total chlorides— KCl=NaCl. 

NaClx0.6303=NaaO. 

142— COAL, HOW TO SELECT 

The American Society for Testing Materials has adopted 
the following standard method for sampling coal. 

It is imperative that every sample be collected and pre- 
pared carefully and conscientiously and in strict accord- 
ance with the standard methods described herein, for if 
the sampling is improperly done, the sample will be in 
error, and it may be impossible or impracticable to take 
another sample; but if an analysis is in error, another 
analysis can easily be made of the original sample. 

Gross samples of the quantities designated herein must 
be taken whether the coal to be sampled consists of a few 
tons or several hundred tons, because of the following 
cardinal principle in sampling coal that must be recognized 
and understood; that is, the eftect of the chance inclusion 
or exclusion of too many or too few pieces of slate or 
other impurities in what, or from what, would otherwise 
have been a representative sample will cause the analysis 
to be in error accordingly, regardless of the tonnage 
sampled. For example, the chance inclusion or exclusion 
of 10 lb. too much or too little of impurities in or from 
an otherwise representative sample of 100 lb. would 
cause the analysis to show an error in ash content and 
in heat units of approximately 10 per cent., whereas for 
a 1,000-lb. sample, the eftect would be approximately only 
1 per cent., being the same whether the sample is collected 
from a 1-ton lot or from a lot consisting of several hundred 
tons. 

When this method of sampling is to be employed as a 
part of any contract or agreement, the following provisions 
shall be specifically agreed to by the parties to such con- 
tract or agreement: 

(a) The place at which the coal is to be sampled (see 
Section 1); 

(b) The approximate size of the sample required when 
the standard conditions do not apply (see Section 3) ; 

(c) The number of samples to be taken or the amount 
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of coal to be represented by each sample when the stand- 
ard conditions do not apply (see Section 4). 

I. For All ]>etennliiAtions Except Total Moisture | 

1. The coal shall be sampled when It Is being loadedj 
into or unloaded from railroad cars, ships, barges, or wagi 
ons, or when discharged from supply bins, or from Indus-; 
trial railway cars, or grab buckets, or from any coal- 
conveying equipment, as the case may be. If the coai is 
crushed as received, samples usually can be taken ad-, 
vantageously after the coal has passed thru the crusher. 
Samples collected from the surface of coal in piles or 
bins, or in cars, ships or barges are generally unreliable. 

2. To collect samples, a shovel or specially designed 
tool, or mechanical means shall be used for taking equal 
portions or increments. For slack or small sizes of an- 
thracite, increments as small as 5 to 10 lb. may be taken, 
but for run-of-mine or lump coal, increments should be at 
least 10 to 30 lb. 

3. The increments shall be regularly and systematically 
collected, so that the entire quantity of coal sampled will, 
be represented proportionately in the gross sample, and 
with such frequency that a gross sample of the re- 
quired amount shall be collected. The standard gross 
sample shall not be less than 1,000 lb., except that for 
slack coal and small sizes of anthracite in which the im- 
purities do not exist in abnormal quantities or in pieces 
larger than % in., a gross sample of approximately 500 
lb. shall be considered sufficient. If the coal contains an 
unusual amount of impurities, such as slate, and if the 
pieces of such impurities are very large, a gross sample 
of 1,500 lb. or more shall be collected. The gross sample 
should contain the same proportion of lump coal, fine coal, 
and impurities as is contained in the coal sampled. When 



coal is extremely lumpy, it is best to break a proportional 
amount of the lumps before taking the various increments 
of a sample. Provision should be made for the preserva- 
tion of the integrity of the sample. 

4. A gross sample shall be taken for each 500 tons or 
less or in case of larger tonnages, for such quantities as 
may be agreed upon. 

TABLE I. 

Weight of Sample Largest Size of Coal and Impurities 
to be Divided, lb. Allowable in Sample before Division, in. 

1,000 or over 1 

500 % 

250 hk 

125 % 

60 % 

30 3/16 or 4-mesh screen 

5. After the gross sample has been collected, it shall 
be systematically crushed, mixed, and reduced in quantity 
to convenient size for transmittal to the laboratory. The 
sample may be crushed by hand or by any mechanical 
means, but under such conditions as shall prevent loss or 
the accidental admixture of foreign matter. Samples of 
the quantities indicated in Table I shall be crushed so that 
no pieces of coal and impurities will be greater in any 
dimension, as judged by eye, than specified for the sample 
before division into two approximately equal parts. 

The method of reducing by hand the quantity of coal 
in a gross sample shall be carried out as prescribed in 
Section 6, even should the Initial size of coal and impurities 
be less than indicated in Table I. 

6. The progressive reduction in the weight of the 
sample to the quantities indicated in Table I shall be done 



ICETHOD OF PREPARING A SAMPLE OF COAL BY HAND 
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by the following methods, which are illustrated on page 
149. 

<a) The alternate-shovel method of reducing the gross 
sample shall be repeated until the sample is reduced to 
approximately 250 lb., and care shall be observed before 
each reduction in quantity that the sample has been 
crushed to the fineness prescribed in Table I. 

The crushed coal shall be shoveled into a conical pile 
(Figs. 2 or 7, page 149) by depositing each shovelful of 
coal on top of the preceding one, and then formed into a 
long pile in the foTllowing manner: The sampler shall 
take a shovelful of coal from the conical pile and spread 
it out in a straight line (Figs. 3A or 8A) having a width 
equal to the width of the shovel and a length of 5 to 10 ft. 
His next shovelful shall be spread directly over the top 
of the first shovelful, but in the opposite direction, and so 
on back and forth, the pile being occasionally flattened, 
until all the coal has been formed into one long pile 
(Figs. 3B or 8B). The sampler shall then discard half 
of this pile, proceeding as follows: 

Beginning on one side of the pile, at either end, and 
shoveling from the bottom of the pile, the sampler shall 
take one shovelful (shovelful No. 1, Figs. 4 or 9) and 
set it aside; advancing along the side of the pile a dis- 
tance equal to the width of the shovel, he shall take a 
second shovelful (shovelful No. 2) and discard it; again 
advancing in the same direction one shovel width, he 
shall take a third shovelful (shovelful No. 3) and add it 
to the first. The fourth (shovelful No. 4) shall be taken 
in a like manner and discarded, the fifth (shovelful No. 
6) retained, and so on, the sampler advancing always in 
the same direction around the pile so that its size will be 
gradually reduced in a uniform manner. When the pile 
is removed, about naif of the original quantity of coal 
should be contained in the new pile formed by the alternate 
shovelsful which have been retained. (Figs. 5 A or lOA 
show the retained halves, and Figs. 5B or lOB the re- 
jected halves.) 

(b) After the gross sample has been reduced by the 
above method to approximately 250 lb., further reduction 
in quantity shall be by the quartering method. Before 
each quartering, the sample shall be crushed to the fine- 
ness prescribed in Table I. 

Quantities of 125 to 250 lb. shall be thoroly mixed by 
coning and re-coning (Figs. 12 and 13); quantities less 
than 125 lb. shall be placed on a suitable cloth, measuring 
about 6 by 8 ft., mixed by raising first one end of the 
cloth and then the other (Figs. 18, 24 or 30), so as to 
roll the coal back and forth, and after being thoroly 
mixed shall be formed into a conical pile by gathering 
together the four comers of the cloth (Figs. 19, 25 or 31). 
The quartering of the conical pile shall be done as follows: 

The cone shall be fiattened, its apex being pressed 
vertically down with a shovel, or board, so that after the 
pile has been quartered, each quarter will contain the 
material originally in it. The fiattened mass, which shall 
be of uniform thickness and diameter, shall then be marked 
into quarters (Figs. 14, 20, 26 or 32) by two lines that 
intersect at right angles directly under a point correspond- 
ing to the apex of the original cone. The diagonally 
opposite quarters (BB in Figs. 16, 22, 28 or 34) shall 
then be shoveled away and discarded and the space that 
they occupied brushed clean. The coal remaining shall 
be successively crushed, mixed, coned, and quartered until 
the sample is reduced to the desired quantity. 

(c) The 30-lb. quantity (Fig. 29) shall be crushed to 
3/16-in. or 4-mesh size, mixed, coned, fiattened and quar- 
tered. The laboratory samples shall include all of one of 
the quarters, or all of two opposite quarters (Fig. 34), 
as may be required. The laboratory sample shall be 
immediately placed in a suitable container and sealed in 
such a ipanner as to preclude tampering. 

7. Only such mechanical means as will give equally 
representative samples shall be used in substitution for 
the hand method of preparation herein standardized. 

n. For the Determination of Total Moisture 

8. The special moisture sample shall weigh approxi- 
mately 100 lb., and shall be accumulated by placing a 
waterproof receptacle with a tight-fitting and waterproof 
lid small equal parts of freshly taken increments of the 
standard gross sample. The accumulated moisture sample 
shall be rapidly crushed and reduced mechanically or by 
hand to about a 5-lb. quantity, which shall be immediately 
placed in a container and sealed air-tight and forwarded 
to the laboratory without delay. 

9. Only when equally representative results will be ob- 



tained shall the standard gross sample be used instead of 
the special moisture sample for the determination of total 
moisture. 

Advantages of Buying Coal on Heat Basis 

The bureau of mines mentions the following advantages 
for buying coal on the basis of heat value or B. t. u.: 

( 1 ) The bidders are put on a strictly competitive basis. 

(2) The field is broadened for both bidder and pur- 
chaser. 

(3) The contract specifies an established standard of 
quality as a basis for adjusting the price. 

(4) If other coal must be substituted, there is a stand- 
ard for settlement. 

(5) If coal is uniformly poorer than the standard set, 
there is a basis for cancellation. 

(6) When there is need for preparation at the mine 
(picking, washing, etc.), the operator, who Is largely 
responsible for variations in the grade of such coal. Is 
stimulated to prepare it better. 

(7) The purchaser receives true value for what he 
buys and pays for. 

The important points to cover in a coal contract are 
the heat value, and the water and the ash contents. 

The B.t.u.'s per pound "dry" indicates the number of 
B.t.u.'s contained in one pound of coal after all moisture 
has been baked out of it, and is an Indication of the 
maximum possibility of the heating value of the particular 
sample of coal. 

"Net B.tu.'s for one cent" represents the net amount of 
heat that one cent will buy, and is obtained as follows: 
Multiply the number of B.t.u.'s per pound of dry coal by 
the per cent, of moisture (expressed in decimals) ; sub- 
tract the product so found from the number of B.t.u.'s 
per pound dry coal; multiply the remainder by 2,000 and 
divide this product by the contract rate per ton (expressed 
in cents) plus one-half of the dry ash percentage (ex- 
pressed in decimals). 

One-half of the percentage of dry ash is added to the 
price before dividing to compensate for the decreased 
burning efficiency of the coal in the furnace on account of 
the physical presence of the ash. 

Bnylng Coal on Specifications 

The coal companies bidding for the contract guarantee 
to deliver coal having a certain specified analysis at a 
certain price, from which the net B.t.u.'s for one cent is 
figured. This value is then used as the contract guarantee 
and the dealer offering the largest number of net B.t.u.'s 
for one cent is awarded the contract. Later, this figure 
serves as means of checking up your deliveries so that you 
may know Just what you are getting and by making com- 
parisons with the standard value, economy is bound to 
come for the reason that, if a uniform grade is not being 
delivered, you can detect it and know Just how much it Is 
off and then set about to correct it. 

How to Arrive at the Correct Price Per Ton 

To give an example, let us assume the analysis of a coal 
to be as follows: 

Per cent. Per cent. B.t.u.'8 per lb. Price 

Moisture Dry Aah Dry Coal 

10.00 10.00 13,000 $2.50 

The net B.t.u.'s for one cent would then be obtained as 
follows : 

13,000 B.t.u.'s in one lb. of dry coal. 
X-IO Moisture expressed in decimals 



1,300.00 Number of B.t.u.'s to be corrected for, due to 
per cent, of moisture, and must be subtracted 
from B.t.u.'s dry. 
13,000 B.t.u.'s dry. 

— 1,300 B.t.u.'s lost due to moisture in coal. 



11,700 B.t.u.'s per lb. of coal as delivered. 

11,700 
X2,000 lbs. in one ton 



23,400,000 number of B.t.u.'s in one ton of coal analyzing 
as above. 
$2.50 price per ton 
.05 one-half of dry ash percentage (expressed 
in cents) to oftset decrease in burning 
efficiency due to presence of ash. 



$2.55 
23,400,000—255=91,764.8 net B.t.u.'s for one cent. 
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Inasmuch as the net B.t.u.'s for one cent takes into 
account the amount of moisture, ash and heat contained 
in the coal, as well as the price, it therefore furnishes the 
hest basis of comparison between different kinds of coal, 
because it reduces all coals to the same common denom- 
inator, showing at a glance which is the cheapest. This 
you will find of great value in passing on a number of bids. 

This Concern Avoided Two Bfistakes 

The following table shows a number of different bids 
received by one concern. If the price only had been taken 
into consideration the purchaser would have made a mis- 
take, as the lowest price (D) was not the cheapest coal. 
If the heat In the coal only had been taken into considera- 
tion, the purchaser would have made another mistake, as 
the coal of the highest B.t.u. (A) would not have been 
the cheapest. As it was, he used the net B.t.u. for one 
cent and purchased the kind of coal (C) from which he 
could get the most heat for the money. 



Per- 


Per- 




cent. 


cent. 




Mois- 


Dry 


Dry 


ture 


ABh 


B.Lu.'s 



Price 



Net 

B.t.U.'8 

for One 
Cent 



Kind of Coal 

Pocahontas 

Run of Mine . . 

Tough. Screenings 

Carterville Screen- 
ings (C) 10.6 15.6 12,160 1.65 126,046 

Indiana Screenings. (D) 15.0 18.1 11,669 1.60 117.289 



(A) 4.0 6.6 14,967 |3.20 

(B) 6.0 12.2 13,466 2.76 



88,992 
90,067 



Each Delivery is Analyzed 

A sample of each car or wagon load of coal delivered to 
the factory is taken and sent to a concern specializing in 
coal analysis to be analyzed. In this way a test is obtained 
on all of the coal delivered, and the price or delivered 
value, as it is called, which the consumer pays to the coal 
dealer is determined by the analysis. 

Assuming that the contract had been made on the 
analysis as given above and the coal delivered, analyzed 
as follows: 

Per cent. Molature Per cent. Dry Aah B.t.u.'8 per lb., Dry 

10.86 11.00 12,860 

Then the delivered value would be figured as follows: 
12,850 B.t.u.'s Dry 
X.1085 Moisture expressed in per cent. 



64250 
102800 
12850 



1,394.2250 Number of B.t.u.'s to be corrected 

for, due to per cent, of moisture 
12,850.000 B.t.u.'s Dry 
— 1,394.225 B.t.u.'s due to moisture 



11,456.776 B.t.u.'s per lb. as delivered 
X2,000 lbs. in a ton 



22,911,650.00-7-91,764.8=249.67 

— 6.50 one-half of dry 
ash, per cent, ex- 
pressed in cents. 



244.17 ($2.44)Priceper 
ton or delivered 
value in cents. 

The Operation of a Heat Value Contract 

The following table illustrates the operation of a heat 
value contract for a period of thirty days, where the con- 
sumer received two cars a day, each car being sampled 
and a composite analysis made of these samples once each 
iKreek. The contract specified the following: 



Per cent. 
Jfoisture 
10.5 



Per cent. 
Dry Ash 
15.5 



B.t.U.'B 

Per Ib.of 
Dry Coal 

12,160 



Date 



Per cent. Per cenL 



Price 
$1.65 

Delivered 



Contract 
Guarantee 
Net B.t.u.'8 
for One Cent 

126,045 



Moisture Dry Ash Dry B.t.u. Value 

First week... 10.4 14.5 12,320 $1,681 

Second week. .10.7 14.1 12,400 1.687 

Third week. ..11.6 16.8 11,939 1.590 

Fourth week. .11.5 16.4 12,019 1.605 



From the above, it is evident that slight fluctuations in 
ash and moisture may mean a serious loss in the operation 
of a plant unless the fuel is purchased on the heat value 
basis. 

In entering upon any contract on this basis, the follow- 
ing points should be covered: 

(1) A statement of the amount and character of the 
coal desired. 

(2) Conditions for delivery. 

(3) Disposition to be made of the coal if it is outside of 
the contract. 

(4) Correction in price for variation in heating value 
and in moisture and ash content. 

(6) Method of sampling. 

(6) By whom analyses are to be made. 

145— CONCRETE 

Quantities of Materials for IHfferent Mixtures of Conci'ete 
to Make One Cubic Yard, or Twenty-Seven Cubic Feet 



Proportions 



Cement 

1 
1 
1 
1 



Gravel or Sacks of 
Sand Stone Cement 



Qoantities 

Cn. Ft. 
of Sand 



Cn. Ft. of 

Gravel or 

Stone 



1.6... 


• • • • • 1 


. • . 15.5 . . • 


• • • ^d.2S •••■•• 


2 ... 


• • • • • 1 


• • .Ia.O. • • 


• .•^t/.w..«. . . 


......o ... 


• • • • • 1 


>.. «/.v... 


..•4uO.O.*.... 


1.5... 


• • • O • • 1 


... f.O... 


• •.J.X.4.*.... 



1 
1 
1 
1 
1 
1 
1 



2 

2 

2.5 

2.6 

3 

3 

3 



3 
4 
4 
6 
6 
6 
8 



7 

6 

6.6 

6 

4.6 

4.2 



.14 . 
.12 . 
.14 . 
.12.6. 
.13.8. 
.12.6. 



22.8 
. .21 
. .24 
. .22.4 
. .26 
..23 
..25.2 



Proper Mixtures for Various Places 

Heavy walls below ground can be made of the 1-3-6 
mixture, but if the wall encloses a cellar or basement, 
which must be kept dry the 1-2.6-5 mixture will be found 
to be more desirable. Walls above ground should be 
made of 1-2-4 or 1-2.6-4 mixture and sometimes on ac- 
count of the constant surplus of water in the soil, it is 
advisable to use 1-2-3. 

The concrete forms should be kept on the fresh concrete 
as long as possible to prevent sudden drying which may 
weaken and tend to crack the concrete. 

A mixture of 1-1-1 or 1-1-1.6 concrete is often used as 
the wearing course of floors and driveways subjected to 
heavy traffic. 

There is also cement mortar which is a combination of 
cement and sand in various proportions for several pur- 
poses. A mixture of 1-1.5 is used on the inside of walls 
and tanks, which must be kept as waterproof as possible. 
The top course of a two coi^rse concrete walk or driveway 
is generally of the 1-2 mixture. 

Reducing the Voids in Concrete 

Voids is the term used to designate the spaces between 
the several components of concrete. If stone and sand 
each having 50 per cent, voids, be mixed with cement in 
the following proportions: 



Cement, 

Sand, 

Stone, 



1 part : 

2 parts: 
4 parts: 



:0.25 cu. yd. 
:0.50 cu. yd. 
1.00 cu. yd. 



the resulting concrete will measure something more than 
one cu. yd. and yet it will contain unfilled voids. 

These proportions, however, are not economical. By 
selecting a sand having a range of sizes or by mixing two 
or more sands having grains of different sizes, the voids 
in the sand can be reduced to about 33 per cent. In a 
similar way the voids in the stone can be reduced to about 
35 per cent. We will then have approximately: 



Cement, 

Sand, 

Stone, 



1 part =0.12 cu. yd. 
3 parts=0.36 cu. yd. 
8 parts=1.00 cu. yd. 



settling price per ton for the month.) 



6.563-r4=$1.64, (the with results as good as with the 1-2-4 mixture, altho 

using only \^^\i as much cement. 
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151— CONVEYOR, BELT 

The Vanal BecommenfUtloiifl for tbe Varloiu Widths and 
PUm are: 

12" and H" wide 3 or 4-ply 

16", 18" and aO" wide 4 or 6-pl7 

22", 24" and 26" wide 6 or S-ply 

28" and 80" wide 6, 6 or 7-ply 

32", 34" and 36° wide 6, 7 or 8-pIy 

42" and 48" wide 7. 8 or 9-ply 

54" and 60' wide 8 or 9-ply 

The lite ol a conveyor belt la dependent: 
On the number of placee material Is fed to the belt, be- 
cause wear of the carrying surface la caused by Impact. 

On the way In which the material Is fed, because thla 
impact is greatest when material Is not fed tn the direction 
of the travel and at the same speed. 

On the carrying of a full load, becanse only a small por- 
tion of the material carried then ever touches the belt, and 
there is tbe least wear for a given capacity. 

On the length of the belt, because the longer It is, the 
lees frequently any portion comes under the feed chutes, 
and tbe less frequently it bends under tension over tbe 
pulleys. 

On tbe grade of belt, aad the grade and thickness of 
tbe GOTer. 

On tbe abrasive character of the material handled. 
On keeping the belts and nuUeys clean. 
On tbe proper design, installation and operation of 
trougblng and guide idlers and their proper lubrication. 

Table No. 1 

G^adtlea of HoriwmUl Trontfted Belt Conveyon, In Imta 

Per Honr 

(Auuming a contlnaouB and uniform feed to the conveyor) 
Curytng MmbarUd WeltfilDC 100 Ibe. per Cable Foot 



Table No. S 

Additional Horse Power Required 

For Inclined ConTeyors, to be Added t« Horse Power Re- 

qnb«d for Horlxontal Conveyor 
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Table No. 4 
Diameters of Drive Pnlleys and Their Shafts 



Table No. 9 
Horse Powers Required 

For belt conveyors, based on horizontal conveyor 100 
feet center to center, carrying material welgblng 100 lbs. 
per cubic foot. For conveyors ol other length multiply by 
(Length of conveyor In feet ) 



i 10.1 is.fl 



I 13. B 3 



C 17.4 40. e 



An average rule which gives some Idea of what a belt 
should do, 1b: assuming one feed and ^" good grade 
cover, a belt conveyor 100 test long should handle during 
Its life a tonnage = 500 X ^^^ square of tbe width In 
Inches; 200 feet long, twice as much, etc. 

Table No. 4 la based on belt speed 300 ft. per min.; 
length of conveyor 100 ft.; shaft bearings standard dis- 
tance apart. 

Diameters of drive pulleys and their shafts given in 
Inches (opposite Index horse power ratings) are deter- 
mined as tallows: 



Select width of belt from Table No. 1 providing suffi- 
cient width tor largest pieces handled. 

Use horse power in Table 2. listed for the width, at 
300 ft. per min. 

(Length of conveyor In feet) 

Multiply this by - 



( 



100 



) 



This gives Index horse power rating for the item of 
length. 

If there Is a tripper, add listed power from Table 2. 

If there is an Incline, add from Table 3 the power re- 
qnlred for the height (In feet), multiplying It by 300, and 
dividing the result by the actual belt speed In feet per 
minute. 

Tbe determinations for length, tripper and incline, 
added together, give tbe final index horse power to be 
used. 

Corresponding diameters of pulley and shaft are given 
In column beaded with width of belt, In Table 4. 

If the figures are above line A-A, a plain crown face 
pulley without rubber cover will be sufficient. 

All pulleys below line A-A should have rubber cover, 
and drives below line B-B should use an idler drive. 

Capacity and Speed. A fair average speed of belt con- 
veyors Is 300 feet per minute. This should be a maximum 



CLAT PB0DUCT8 CYCLOPEDIA 



for belts under 16'' in width; up to 24 '^ it may increase 
to 450 feet per minute; and to a speed of 600 feet per 
minute for 36" and wider. Like all other conyeyors, belts 
should carry their full load. There is no economy in 
running at a given speed with only half load; it is better 
to reduce the speed and run the belt full. See capacities 
in Table 1. 

Materials Handled. The width of the belt must fre- 
quently be determined by the size of pieces of material 
handled, rather than by the actual carrying capacity in 
pounds or cubic feet. The following are recommended as 
the maximum sizes of pieces to be handled on the different 
widths of belt: 

12" belt, 2" pieces; 18" belt, 4" pieces; 24" belt, S" 
pieces; SO'' belt, 14^^ pieces; 36" belt, 18" pieces; 48" 
belt, 24" pieces. 

Movement of take-ups should not be less than one per 
cent, of conveyor centers for horizontal conveyors, and not 
less than 1^ per cent, for inclined conveyors. 

Spacing of Carryliig Idlers 
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Minimum spacing is used for conveyors carrying pro- 
portionately large pieces, and full load. 

Maximum spacing is used for conveyors carrying small 
material, and not fully loaded. 

Retam Idlers 

12" to 30" belt 12 ft. centers 

32" to 48" belt 10 ft. centers 

Guide Idlers for Carrying Run 

12" to 16" belt 30 ft. centers 

18" to 28" belt 36 ft. centers 

30" to 48" belt 40 ft. centers 

Guide idlers should not be placed less than 20 ft. from 
head and tail pulleys. 

Guide idlers should not be used for part of conveyor 
transversed by tripper. 

Guide Idlers for return run are not needed for con- 
veyors of less than 150 ft. centers, but for longer con- 
veyors, space them about 80 ft. centers. 

We recommend a minimum speed of 300 ft. per minute 
for belt conveyors using tripper. This speed is needed 
in order to discharge properly over tripper pulley. 

Discharge plows are frequently used in connection with 
flat belts. In such a case the speed of belt should be kept 
low — not to exceed 150 ft. per minute. 

Example of the Use of the Tables 

Carnring shale with maximum pieces of ten inch cubes, 
and 135 tons per hour. This will average about 100 
pounds per cubic foot. Suppose the belt has centers 200 
feet apart, is set on an incline of 20 degrees or a 68 ft. 
raise, is loaded at one point and discharged over head 
pulley. 

From the information given above we will try on a 30 
inch troughed belt running 200 feet per minute. 

Actual h. p. required for length (Table 200 

No. 2) 30 inch belt, 200 feet per minute 4.2x =8.4 

100 
for incline (Table No. 3) and lift about 9.6 



Total 18.0 

We then determine the index horse power and from 
Table No. 4 find the size of shaft and drive pulley. To 
find the index horse power we take for 
length (Table No. 2 — 30 inch belt, 300 
f.p.m.) 



200 



6.3X- 



=12.6 



for incline (9.6 actual h. 
above) 



p. as figured 



9.6X- 



100 
300 



200 



=14.4 



27.0 



Total index horse power 

Table No. 4 shows under column for 30 inch belt and 
on line for 30 index h. p. that the proper pulley is 36 inch 
rubber covered and the proper size of shaft is 4 7/16 inch. 



Tension in Conveyor Belt 

Tension is figured according to the following formulas: 

h. p.x^^fOOO 

For plain cast iron pulley 

Belt speed in feet per min. 
h. p.x45,000 

For rubber-covered pulley 

Belt speed in feet per min. 
The ply of a belt is determined by using an average ten- 
sion of 20 pounds per ply per inch of width. 

in the installation 
under consideration 18x46*000 

tension= =4,050 pounds. 

200 
4,050 

Ply of belt= =6.8 

20x30 
This shows that a 7-ply belt should be used. 
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Sketch ShowtaiT Hoinr Patented <<Hiiirflr«r'' DHve fer Oonrer^tu 
iBcreaeea Grip "Wlthoiit Addliiip to TenstOB. 

Courtesy of the Link-Belt Co. 

General Rules 

The following general rules, which embody the best in 
belt conveyor practice, have been collected for the con- 
venience of the engineer who has not the time to go fur« 
ther into details. 

Width of Belts 

For clay use at least four times the uniform size of 
material handled plus six inches or four times the average 
sized pieces plus six inches where such pieces are about 
70 or 80 per cent, of the whole — with the width of the 
belt in no case to be less than twice the largest pieces 
handled plus eight inches, where such pieces do not exceed 
10 per cent, in uniform distribution of all the material 
carried. 

The capacity in tons per hour of materials such as clay, 
weighing 100 pounds per cubic foot and carried over three 
or five pulley troughing carriers is approximately 16 per 
cent, of the square of the number of inches in the width 
of the belt, for each 100 feet of belt speed per minute. 

The maximum speed of belts should be approximately 
250 feet per minute for a ten inch belt, plus 10 feet per 
minute for each additional inch of belt width. Slow speed 
equals 150 feet per minute. 

The horse power required amounts to approximately two 
per cent, of the number of tons per hour carried for each 
100 feet of horizontal belt length and one per cent, addi- 
tional for each ten feet rise of incline. This horse power 
should be increased at the belt five per cent, for each 
driving reduction thru chain, belting or cut gears and ten 
per cent, for each reduction thru rough gears to obtain the 
final horse power at line shaft, motor or engine. 

The proper flexibility in belts for troughing carriers is 
one ply for each four or five inches of belt width, with 
12 inch- 3 ply as a minimum and 48 inch- 8 ply as a 
maximum in ordinary service. 

The ultimate strength of the average rubber belt is 
360 pounds per inch width of each ply, with a safe tension 
of 30 pounds thereby using a safety factor of 12. The pull 
required to move a belt over its carriers upon the level is 
approximately 20 per cent, of the weight of belt plus 19 
per cent, of the weight of load upon the belt. 

The diameter of the terminal drive pullesrs in ordinary 
good practice is fi^e times the number of belt plies with 
the diaij^i^x^Y ot all other pulleys taking 180 degrees wrap 
'our tixj^^*' .^^ number ot plies. 
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Guarding Against the Elemeiita of Wear to a Belt 

Wear on belte la c&used almost wholly by the Impact 
and slipping of material on the belt as It Is picked up at 
the loading point. Some considerable wear la also caused 
by the material rearranging Its position on the belt be- 
tween the loading and discharge points. Wear ol the 
belt Is therefore greatly reduced by: (a) One loading point, 
80 installed as to insure a steady How of material to the 
belt in the same direction and at the same speed of flow 
as the travel of the belt. Clay should never be allowed 
to strike the belt vertically and especially If It Is hard 



The angle of Incline should In all cases l>e about ten or 
more degrees less than the angle of repose of the material 
on the belt. Therefore, for the materials ordinarily 
bandied on a belt the maximum Incline may be taken at 
about 20 degrees. Many materials may be carried as 
high as 21 deg. — £3 deg. and some tew at 25 deg. Large 
lumps have a tendency to roll back upon the belt unless 
they are well Intermixed with smaller pieces. Also an 
Intermittent flow of most materials, near 20 degrees has a 
tendency to cause slipping and often the avalancbing of 
all the material on the Incline. Care should therefore be 




StBBdaFd SpBClna of Belt Canveyor Fixtares 



and has sharp comers like crushed and unground shale 
and Are clay, (b) Use of long belts whenever possible 
thereby bringlixg any one point In the belt less frequently 
to the loading point, (c) Full loading at all times since 
the largest cross section ol material presents relatively 
the smallest surface to the belt. Up to the point of fully 
covering the conveying surface, the lite of the belt de- 
creases proportionately with an Increase of load. How- 
ever, after the belt surface haa been covered the decrease 
In life Is much smaller as only part of the material carried 
ever touches the belt, (d) Handling clay, shale, coat, ashes 
or other material with rough comers and edges, altbo the 
wear due to thla feature Is small it due care Is given to 
the method by which the material is ted onto the belt. 

How to Prevent Wearing the Edges of a Belt 

Proper alignment of carriers Is always Important In 
order that the belt may run perfectly true. This may be 
done by leaving one side of the carriers partly tightened 
down In place and by then running the conveyor empty, 
so that any tendency of the belt to run to either side may 
be corrected by tapping the carriers either forward or 
backward, until the belt Is adjusted to run centrally. 

Spacing of Tronglitng Carriers and Guide Idlers 
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taken to Insure a continuous stream, either large or 
email, ot uniform sized or ot well Intermixed analied 

materials. 

How to Deterndne the Discharge Curve 

Material as it is discharged from a belt, would continue 
to travel in the direction and at the speed ot the belt 
except as It Is acted upon by two forces, 1. e., the force ot 
gravity and the resistance ot the air, the latter ot which 
being small Is omitted from the following formula. In 
the handling of any materials, except those which are very 
light and easily deflected by the resistance of the air or 



Neglect In observing this precaution allows the belt to run 
over the edges of the outside carrier pulleys or against the 
sides of chutes, etc., thus rapidly wearing the edges ot 
the belt. As a help to maintaining this proper alignment 
In long belts, guide Idlers are often used. 

Action ot weather Is a point to be considered. Rain, 
snow, ice and especially the sun's rays are detrimental to 
rubber belts. Therefore, it is always advisable to provide 
at least a shelter root over all belts operating in the open. 

Using a Conveyor with Combined Horiaonlal and Inclined 

Sections 

It Is evident that the travel of the belt under tbese 
conditions cannot be made to change from the horizontal 
to the Incline with a sharp or abrupt angle. It has been 
found tbat the travel of the belt should follow a curve 
whose radius Is equal to 300 feet or more under ordinary 
circumstances. Where a gradually Increasing load be- 
comes a uniform continuous load a smaller radius may 
be used and for intermittent but full loading, a radius 
varying from 500 to 1,000 feet may be required. 



Discharge Curee o/ Mattntd from Belt 

materials which tend to stick to the belt, the discharge 
from the belt may be determined as follows: In a draw- 
ing, to any convenient scale. Indicate the discharge pulley 
and the angle of the belt to the horizontal as shown In 
the sketch upon this page and continue the direction of 
the belt in the line "X.Y." On this line from "Y" lay out 
the equal dimensions L.L.L.. etc., where L. In Inches 
equals speed of belt in feet per minute, divided by 100. 
At the end ot the various spaces L.L. drop down vertically 
the dimensions A. B. C. D., etc.. In Inches, taken from 
the table below. Then to find the trajectory or path of 
the material as It leaves the belt, draw a continuous 
curve from the point Y thru the bottom ot the successive 
dimensions A. B. C. D., etc. 
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At the maximum speed ot belts, there la seldom a 
occasion to obtain the true path ot the delivery of mati 
rial. However, tor slow speeds It Is often necessary t 
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find the highest point in the face of the pulley at which a 
discharge chute may be placed' where breakage is a con- 
sideration. 

Courtesy Jeffery Mfff. Co. 

154_CONVEYOR, DRAG-PLATE AND BUCKET 

The formula used for the power required by drag-plate 
conveyors is as follows: 

AWLS BLT 

HP=: 1 hz 

1,000 1,000 
in which 

HPz=the horsepower required at the conveyor drive 
shaft. 

A=constant as per attached table. 

B=constant as per attached table. 

W=:weight of conveyor in pounds per foot of length. 

L= distance in feet between centers of head and tail 
sprockets. 

S=:speed of conveyor in feet per minute. 

T=capacity of conveyor in tons of 2,000 pounds per 
hour. 

z=l for conveyors up to 100 feet between centers and 
2 for longer conveyors. 

If the conveyor is composed of portions on different 
inclines, compute the power for each section separately 
and add ten per cent, for each change in direction. 



155— CONVEYOR, HEAVY DUTY MONORAIL 
Capacities of One Make of I-Beam Trolley Type 



Capacity 
in Tons 


Standard Sise 

of I-Beam in 

Inches* 


Diameter of Wtieel 
in Inches 


Smallest Radius for 
I-Beam Curve 


Plain 


Geared 


Plain 


Geared 


M 


4 
5 

6 

7 

8 

9 

10 

12 

15 

20 

24 

24 

24 

24 


3 

3Ji 

4Ji 

5H 

6J4 

8K 

10 
10 
12 
13 
13 
18 
18 




IS 
21 
21 
30 
36 
42 
48 
54 

eo 

60 

eo 

60 

96 

120 




1 










IH 
2 

3 

4 

5 

6 

8 
10 
12 
16 
20 


5H 
6J^ 

7K 

10 
10 
12 
13 
13 
18 
18 


?0 
?6 
42 
48 
M 
60 
60 
60 
60 
% 
120 



*Can be altered to suit larger beams. 
Courtesy Ford Chain Block Co. 



Table for ConTeyor, Drag-Plate and Bncket 
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0.030 


0.0043 


0.0046 


0.0050 


0.33 


0.60 


0.54 


0.07 


0.70 


0.083 
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0.030 


0.0043 


0.0046 


0.0050 


0.43 


0.69 


0.63 


0.18 


0.18 


0.19 


12 


0.030 


0.0043 


0.0045 


0.0049 


0.54 


0.79 


0.73 


0.28 


0.28 


0.29 


18 


0.029 


0.0041 


0.0044 


0.0048 


0.63 


0.88 


0.82 


0.38 


0.38 


0.39 


24 


0.028 


0.0039 


0.0042 


0.0046 


0.72 


0.95 


0.90 


0.46 


0.48 


0.49 


30 


0.026 


0.0037 


0.0040 


0.0043 


0.79 


1.02 


0.|97 


0.57 


0.57 


0.58 


36 


0.025 


0.0035 


0.0037 


0.0040 


0.80 


1.08 


1.03 


0.66 


0.66 


0.66 


42 


0.023 


0.0032 


0.0034 


0.0037 


0.92 


1.12 


1.07 


0.73 


0.73 


0.74 


48 


0.020 


0.0029 


0.0031 


0.0033 


0.97 


1.15 


1.11 


0.80 


0.80 


0.81 



Apron conveyors are usually built with an inclination 
of thirty degrees or less. 

The power required to drive a V-bucket conveyor is 
figured from the following formula: 

AWL'S BLT TH 1 

HP= h h +— X' 

1,000 1,000 1,000 2 
in which 

A and Brrconstants same as for drag-plate conveyors. 

W=weight of conveyor per ft. or run, lbs. 

S=speed of conveyor, ft. per mln. 

T=capacity of conveyor, tons per hr. 

Li'=horizontal length of conveyor, ft. 

Li=total horizontal length traversed by the loaded buck- 
et, ft. 

H=z=total vertical traverse, ft. 

X'=numiber of 90-degree turns in the conveyor. 

Courtesy Robins Conveyor Belt Co. 



192 — DIE, DRAIN TILE 

Standard Dimensions in Inches 



Sise 


Diam. 


Bore 


Thick- 


Sise 


Diam. 
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Thick- 


of 


of 


of 


ness of 


of 


of 


of 


ness of 


Tile 


Core 
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Shell 


Tile 


Core 


Funnel 


Shell 


2M 


2.75 


3.75 


.5 


8 


8.8 


10.4 


.8 
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3.3 


4.4 


.55 
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9.9 


11.6 


.85 


3M 


3.85 


4.95 


.55 


10 


11. 


12.8 


.9 
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4.4 


5.6 


.6 


12 


13.2 


15.2 


1. 


4J^ 


4.95 


6.15 


.6 


14 


15.4 


17.6 


1.1 
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5.5 


6.8 


.65 


15 
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17.6 


20. 


1.2 


7 


7.7 


9.2 
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140— COAL HANDLING EQUIPMENT 

Points to watch in connection with storage of coal in 
the open air to be reclaimed later: 

(1) The location, size and topography of the available 
ground. 

(2) The capacity of the desired installation. 

(3) Cost of the necessary plant. 

(4) Cost of maintenance. 

(5) Cost of operation. 

(6) Amount of breakage due to the handling of the 
coal. 

(7) Length of time the coal will probably be in storage. 

( 8 ) The climate at the place of storage. 

(9) Adequate facilities for rapidly and economically 
transferring the coal from cars into storage and for re- 
claiming it out of storage or for rapidly moving any part 
of the pile that shows evidence of taking fire. 

(10) An adequate supply of water nearby. 

(11) Do not pile coal over vents from steam pipes or 
similar places. 

(12) Eliminate fine coal as far as possible from the 
storage. 

(13) Keep the coal as dry as possible. 

(14) Avoid too great a height in the pile, not over ten 
feet for fine coal. 

(15) Watch the interior temperature of the pile as 
much as possible, and either use that part of the pile as 
soon as possible, or arrange to overhaul that part and 
fiood it. 

(16) Store the c<>*^ under water if possible. 

The Xl f lUitiois has determined that weathered 

coal r^^^Avptrity ?4ttl® thinner ftre than the same coal 
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158— CONVEYOR, SCREW OR SPIRAL 

Capacities Horsepower and Speeds for Different Materials 
Ashes, with No liWge liumps at 80 Pounds per Cable Foot 



Diem, 
of 


Speed 

r£m. 


Tons 
Eunxr 


Mate- 
riel 
Flow 
F.PJil. 


HORflEPOWER FOR FOOT CENTERS 


Comrr. 


20 

.32 

.64 

1.04 

1.52 


30 

.48 

.96 

1.56 

2.28 


40 

.64 
1.28 
2.08 
3.04 


50 


76 


100 


125 


150 


175 


200 


9 
12 
14 
16 


60 
46 

43 

40 


4 

8 

IS 

19 


37 
45 
50 
50 


.80 
1.60 
2.60 
3.80 


1.20 
2.40 
3.90 
5.70 


1.60 
3.20 
5.20 
7.60 


2.0 
4.0 
6.5 
9.5 


2.4 

4.8 

7.8 

11.4 


2.8 

5.6 

9.1 

13.3 


3.2 

6.4 

10.4 

15.2 



Coal (Screenings or Small Sized Coal) with No Lumps 

Larger Than 1 Inch 



Diam. 

of 
ConiT. 
Inches 



9 
12 
14 
16 

18 
20 
22 



Speed 

rSS. 



85 
75 
70 
66 

60 
55 

50 



Tons 

HOQi 



.onr 



15 
30 
40 
60 

80 
100 
125 



Mate- 
rial 
Flow 
F.PJ1 



64 
75 
82 
87 

90 
92 
92 



HORSEPOWER FOR FOOT CENTERS 



20 



.76 
1.50 
2.00 
3.00 

4.00 
5.00 
6.25 



30 



1.13 
2.25 
3.00 
4.05 

6.00 
7.50 
9.38 



40 



1.5 
3.0 
4.0 
6.0 

8.0 
10.0 
12.5 



50 



1.88 
3.75 
5.00 
7.50 

10.00 
12.50 
15.63 



75 



2.81 

5.68 

7.50 

11.25 



100 



3.76 

7.50 

10.00 

15.00 



15.00120. 00125.00130 
18.75 25.00|31.25 
23.44 31.25 



125 



4.6C 

9.3« 

12.50 

18.75 



150 



5.68 
11.25 
15.0C 
22. 



00 

37. 5C 

^.0€|46.8£ 



175 



5C26 



6.56 
13.13 
17.50 
.26 



35.00 
43.75 
54. ( 



200 



7.5 
15.0 
20.0 
30.0 

40.0 
50.0 
62.5 



Ground Clay at 00 lbs. per Cubic Foot. The Capacities 
Will be Smaller if the Clay or Shale Has Lumps in it 



Diam. 

of 
Conrr. 
Inehes 



6 

9 

12 

14 

16 
18 

20 



r 

Speed 
R.P.M 



06 
75 
70 
65 

60 
55 
50 
45 



Tons' 
Hour 



5.64 
19.75 
40.42 
63.92 

90.24 
117.58 
148.46 
179.54 



Mate- 
rial 
Flow 
FJPM, 



47 
57 
70 
74 

80 
83 
84 
83 



HORSEPOWER FOR FOOT CENTERS 



20 



.28 

.99 

2.05 

3.20 

4.50 
5.87 
7.47 
8.98 



30 



.42 
1.49 
3.08 
4.80 

6.75 

8.81 

11.21 

13.47 



40 



.56 
1.98 
4.10 
6.40 

9.00 
11.74 
14.94 
17.96 



50 



.70 
2.48 
5.13 
8.00 

11.25 
14.68 
18.68 
22.45 



75 



1.05 

3.71 

7.60 

12.00 



16 
22.01 
28.01 
33.68 



100 



8822 



50 
29.35 
J7.36 
44.90 



125 



28.13 
36.08 
46.66 
56.13 



150 



1.40 1.75 2.10 2.45 

4.95 6.19 7.43 8.66 

10.2512.8115.3817.94 

16.0020.0024.0028.00 



33 

44.03 
56.03 
37.35 



175 



7539 



.38 
51.36 
65.36 
78.58 



200 



2.8 

9.9 

20.5 

32.0 

45.0 
68.7 
74.7 
89.8 



Courtesy Weller Mfff. Co. 



168— CRUSHERS, GYRATORY 

Table of Dimensions, Weights, Capacities and Power Re- 
quired 



Sise 

of each 

Feed 

Inches 


Fineet Seitinc 


CoarMst SeiCinc 




Revo- 
lutions 

Minute 


Boree- 
powerof 
jEngme 
Kequired 


• 


Smallest 
Sieeof 
Product 


Capacity 

in Tons 

aoOOIbe. 

perHbui 


Largest 
Sise of 
ProduRt 


Capaaty 
in Tone 
2000 Ibe. 

per Hour 


Sise of 
Driving 
Pulley 


Weight ol 
Crusher 
Pounds 

• 


Inchee 


Tons 


Inches 


Tons 
8.5 


18x 6 


600 


« 


Pounds 


5x20 


H 


45 


IH 


4- 6 


7,000 


dz 25 


1 


65 


2K 


12 5 


20x8 


575 


6- 10 


10,200 


7x28 


IH 


11 


2K 


25 


22x10 


525 


10- 15 


17,000 


8x34 


IH 


20 


3H 


48 


28x12 


475 


12- 20 


23,000 


10x40 


W 


30 


W 


75 


30x14 


4S6 


20- 25 


36,500 


12x 44 


2 


50 


4H 


120 


34x16 


425 


25-40 


48,000 


15x55 


2H 


80 


5 


180 


40x18 


400 


45-70 


71,500 


18x 68 


iH 


ito 


5H 


250 


44x20 


375 


65-100 


110.000 


2ix ;r6 


3 


160 


6 


350 


52x20 


350 


100-140 


160,000 


24x84 


3H 


210 


6K 


480 


52x24 


350 


115-160 


170.000 


27x82 


4 


260 


7 


550 


52x24 


350 


130-180 


180,000 


36x130 


5 


600 


8 


1100 


66x31 


300 


200-250 


••405.006 


42x186 


5H 


700 


9 


1300 


66x33 


300 


225-280 


••425.000 



*The table of horse-power required to drive the crushers is 
not intended to cover that necessary to drive auxiliary ma- 
chinery in connection therewith, but in most cases It would 
be sufficient for simple connections. 

••The weights of Mammoth Crushers vary according to the 
type of hopper used, etc. 

••The Mammoth Crushers are made with either single or 
double discharge spouts as desired. 
From Power and Mining Hachinery Co. 



172 — CRUSHERS, TWO ROLL AND COM- 
POUND 

Theory of An^le of Nip 

If the rolls C and D (see Fig. 1) of a roll crusher be 
fed with a sphere of rock E. the tangents to the roils at 
tt. the points of contact with the sphere meet below, form- 
ing an angle N. which angle is called the angle of nip. 
Tills angle may have values from zero degrees, when the 
space between the rolls is as large as the lump fed. in- 
creasing upward until the angle is so large that the rolls 
cannot nip the fragments. 




Figure 1. C and D Represent Iron or Steel Rolls and E Rep- 
resents the Rock to be Crushed. The Anqle N is Called the 
Angle of Nip. 

The angle of nip in any case will depend for its value 
upon the diameter of the rolls, the diameter of the lump 
fed and the distance apart at which the rolls are set. It 
is also affected in the following ways: It is diminished by 
increasing the diameter of the rolls (the space between 
the rolls being kept constant) by increasing the space 
between rolls, and by decreasing the size of lumps fed to 
the rolls. 

All relations between the size of material, space be- 
tween rolls, radius of rolls, and angle of nip can be 
expressed by a simple formula, which is derived as follows. 
If b equals the radius of the sphere to be crushed, a equals 
one-half of the space between the rolls. N equals the 
angle of nip. and r equals the radius of the roll which is 
equal to one-half of the diameter, then 

r+a N 

=:cosine — . 

r+b 2 

To effect a reduction, the friction F (see Fig. 2) between 
the sphere and rolls must equal Ku. where K is the force 
of the reaction and u is the coefficient of friction. In terms 




Figure 2. The Forces Acting Upon the Sphere of Rock to be 
Crushed and Their Components Are Shown By the Lines With 
Arrowheads. 

of a force system as represented in the diagram, the 
component F cos x tends to draw the clay between the 
rolls, while K sin x tends to push the sphere out, and 
hence acts in opposite direction to the force F cos x. 
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The cosine (cos) of an angle is the ratio of the side 
adjacent to the angle to the hypotenuse. The tangent 
(tan) of an angle is the ratio of the side opposite the 
angle to the side adjacent to the angle, or it is equal to 
the ratio of the sine of the angle to the cosine of the 
angle, where the sine is equal to the side opposite the 
angle to the hypotenuse. 

If the above forces were equal the following equation 
would hold true: F cos x = K sin x or F = K tan x. 
From this we conclude that for the rock to pass thru the 
rolls u must be greater than tan x, and hence, the angle 
X must be less than the angle of friction. 

177— DECALCOMANIA, CHROMO OR LITHO- 
TRANSFER WORK 

Lacqaers for Transfers 

1. Mastic, one ounce Venetian turps., four ounces 
White resin, two ounces Sandrac, four ounces 

The above dissolved in twelve ounces of pure alcohol. 

2. A solution of equal parts of colophony and copal var- 

nish in oil of turpentine. 

3. A solution of equal parts of soft pitch and Venetian 

turpentine in oil of turpentine. 

From Searle. 

183— DECORATIVE COLORING MATERIALS 

Color effects are applied by incorporating the colors 
directly with the body, or by applying them on the surface 
of the body before glazing — by spraying or with brush, or 
by mixing the colors with the glaze or enamel, then spray- 
ing or dipping the articles. 

The following colors are most commonly used in 
ceramics: 

Iron. Red, brown, at moderate oxidizing atmosphere. 
Violet, bluish, greenish, and blackish in reducing atmos- 
phere at high temperature. 

Manganese. Brownish, violet, deep black mixed with 
cobalt or iron. 

Cobalt. Blue, black, gray, mixed with zinc gives ultra- 
marine blue, with manganese deep black, also purple.* 

Chromium. Green, bright green with calcium or borax 
glaze, bluish green in glazes containing alkalies, yellow in 
reducing atmosphere. If applied on other bodies as white 
produces a muddy effect. The slightest quantity of iron 
darkens the color. The colors are very much affected by 
the influence of the atmospheric conditions inside the kiln 
at firing. 

Uranium. Yellow in oxidizing atmosphere, orange 
yellow, green and black in reducing atmosphere; very 
bright yellow when mixed with plumbiferous glazes in 
oxidizing atmosphere. 

Copper. Black, green, intense green in boric or plumbi- 
ferous glazes in reducing firing. Bluish green in alkaline 
glazes in oxidizing firing, the only blue is given by the 
cupric silicates, purple in reducing atmosphere, also red. 
Copper is usually used in glazes vitrified at a moderate 
temperature. 

Antimony. Yellow, when mixed with lead or with iron, 
gives different tints. Alone imparts no color to the glazes 
and is used for opacifying. 

Titanium. Yellow in different tints with varying 
amount of iron. 

Lead. Yellow when lead chromate is used. 

Nickel. Yellowish, greenish, also blue or purple.* 

Silver Chloride. Yellowish. It is seldom used alone, 
except in addition to purple of Cassius. 

Gold. Applied in different ways, as dull or brilliant 
gold. 

Platinum. Silver, gray or black, it resists great heat 
as does gold. 

Iridium. Gray to black. 

Zinc. Imparts no color to glass and is used mostly as 
an opacifying agent the same as antimony. 

It should be borne in mind that all the colors in bodies 
or glazes are confined within certain limits of temperature 
and are affected by atmospheric conditions Inside of the 
kiln. Faulty fires may make the colors vary or possibly 
destroy them. 

The properties of the different metallic oxides must be 
understood thoroly in order to know the temperatures at 
which they fuse or volatilize. The low fusing colors will 
run together with the refractory colors at high heat. 

•Trans. A. C. S., Vol. 14, 1912. 



Metallic combinations produce the following colors: 

Oxide of chromium, green. 

Oxide of iron, red, brown, violet, black, gray, yellow 
tints. 

Oxide of uranium, orange, yellow, black. 

Oxide of manganese, violet, brown, black. 

Oxide of cobalt, blue, gray, black. 

Oxide of antimony, yellow, different tints. 

Oxide of titanium, yellow. 

Oxide of copper, green suboxide of copper, red. 

Sesquioxide of iridium, beautiful black. 

Protochromate of iron, brown. 

Chromate of lead (and chromate of barium), yellow. 

Chloride of silver, as an addition to carmine and purple. 

Purple of Cassius, purple. 

Courtesy Malinovsky. 



ISg— DEPRECIATION 

Average Annual Figares in Percentages 

Fixed plant: 

Buildings other than kilns 6 per cent 

•Kilns, periodic 15 per cent 

•Kilns, continuous 5-10 per cent 

Engines and boilers 10 per cent 

Clay working machinery '. .12 per cent 

Pulleys, frames and shafting 5 per cent 

Pumps and fittings for same 10 per cent 

Piping that is accessible 5 per cent 

Piping that is not accessible 12 per cent 

Wire rope and chain for hauling 33 per cent 

Surface railway 10 per cent 

Movable plant: 

Wagons 15 per cent 

Horses and mules 12 per cent 

Carts and harness 12 per cent 

Tools, wheelbarrows 16 per cent 

Automobile trucks 25 per cent 

* Estimated from observation by Brick and t^lay Record. 
Prom Searle. 



203— DRAFT GAGE AND METER 

Let Ti — absolute temperature of outside gases. 
Ts ~ absolute temperature of inside gases. 
H = height of chimney. 
A = area of chimney. . 
wi = weight of one cu. ft. at temperature Ti 

wi = weight of one cu. ft. at temperature Ti 
wi T, 
Then — = — and WiTi « w,Ti 
w, Ti 

Again H A Wi *» weight of gases outside of stack equal to quantity 

inside of stack. 



H A ws » weight of gases inside of stack. 
H A (wi - wi) = draft = F 

w, Ti ] 
H A ^ wi = F 



H Awi 



Til 

1 

T.J 



= F 



At a temperature of 622 degrees F. maximum draft is 
obtained. This means that at that temperature the maxi- 
mum quantity or weight of gases passes up a chimney. 
The maximum intensity is found only with the maximum 
temperature but after the temperature reaches that point 
the density of the gas decreases more rapidly than its 
velocity increases, so that the weight is maximum at about 
622 degrees F. Draft varies with effective area. Long 
horizontal flues and right angled bends check draft. 



The actual draft in inches of water 



7.9 1 



r7.6 

h- 

I * 
when h — height of chimney in feet; 

a = absolute temperature of external air ( = 

491) 
b » absolute temperature of internal air ( 

491) 

If the internal gases are at a temperature of 600 degrees 
F. and the external air at 60 degrees F. the draft in inches 
equals h x 007. 



degrees F. + 
degrees F. + 
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The tollowlng table from Searle'a Clayworkers' Hand- 
book Bhowa the height ot the stack required to produce a 
given draft: 

Suction at base of stack la 

Height of stack Inches of water, with exit 

in feet gases at 600 degrees F. 

60 O.3B0 

76 0.626 

100 0.700 

160 1.060 

200 1.400 

250 1.760 

300 2.100 

While a high draft must be uaed In the first stages ot 
burning clay products, proTlalon must be made for reduc' 
Ing this as the bum progresses and In the case of some 
ware that must be flnUhed with a reducing Sre, provision 
must be made tor shutting off the draft almost completely. 
The reader Is referred to page 17S under item Klin, down- 
draft, design and construction of, for data showing that 
every ton ot clay products produces approximately 8,100 
cubic feet ol moisture or ateam that must be removed, 
chieSy thru a stack In the case ot a down draft kiln. 

The draft or speed with which the gases pass up a stack 
should not be less than five lineal feet per second. 

204— DRAIN TILE 

The following speciacatlons are excerpts trom the stand- 
ard spectflcatlons adopted by the American Society (or 
Testing Materials tor drain tile. 

These speciBcatlans cover three classes ot drain tile, 
namely. Farm Drain Tile, Standard Drain Tile, and Extra- 
Quality Drain Tile. 

The purposes tor which these classes are intended to be 
suitable are as follows: 

Farm Drain Tile, for ordinary private drainage work on 
(arms, for moderate sizes and depths; 

Standard Drain Tile, tor ordinary district land drainage 
at moderate depths; 

Bxtra-Quallt]' Drain Tile, for district land drainage, for 
considerable depths and where an extra quality is desired. 
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Chemical Tests and Reqnlremenla 

The purchaser may specify special chemical require- 
ments as to reslstaace of the tile to chemical action in 
cases where soils or drainage waters have marked acid or 
alkaline character, or are ot abnormally high tempera- 
ture, and may prescribe chemical tests of the tile to 
ascertain whether these special requirements are met. 

The presence in drain tile ot visible grains or masses of 
caustic lime, iron pyrites, or any other minerals which are 
known to cause slaking or disintegration ol the tile, shall 







be construed as a valid ground tor rejection, unless aatls- 
(actory proof be submitted that the tiles are permanent 
and durable, and that the objectionable minerals are not 
present In quantity or condition to work damage. 
E^ysical Tests 

The physical tests of drain tile shall include (A) 
Strength Tests; (B) Absorption Tests; and may Include 
<C) Freezing and Thawing Tests. 

for Different 



The acceptability of drain tile shall be determined (1) 
by results ot the chemical and physical tests hereinafter 
specified, and (2) by visual inspection, to determine 
whether the tiles comply with the specifications as to 
dimensions, shape, and freedom trom visible external and 
internal detects. 
Materials and Manufacture 

These specifications shall apply to drain tile made ot 
shale, fire clays or surface clays and to drain tile made ot 
concrete. The definitions ot shale, fire clay and surface 
clay can be found on page 125 under item Brick, sewer. 

By concrete is meant a suitable mixture of Portland 
cement, mineral aggregates and water, hardened by hy- 
draulic chemical reaction. 
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NOTE. — When the freezing and thawing teat la made as 
detailed later, the number of Ireeifnga and thawlnffs to be 
endured ahal! be as follows: For (arm drain tile, 84; (or 
standard drain tile, 36; for eitra-quallty drain tile, *8. 

The specimens ot tile shall all be selected at the fac- 
tory or at the shipping destination, or at the trench, at 
the option of the purchaser. The selection shall be made 



CLAT PRODUCTS CTCLOPEDIA 



by a competent Inspector employed by the purchaser. The 
inspector shall divide the tile into sub-classes if lack of 
uniformity in any important particular warrants such 
division, and shall select enough representative specimens 
of tile from each sub-class for a complete set of standard 
physical tests. 

A standard physical test shall comprise tests of five 
individual tiles. Specimens of tile may be selected by the 
inspector in such number as he judges necessary to deter- 
mine, fairly the quality of all the tile. The manufacturer 
or other seller shall furnish specimens of tile without 
separate charge up to 0.5 per ceht. of the whole number 
of tile, and the purchaser shall pay for all in excess of 
that percentage at the same rate as for other tile. 

Strength Tests of Drain Tile 

The specimens of tile shall be unbroken, full-size tile. 

The walls of the tile shall, at the time of testing, be as 
thoroly wet as will result from completely covering with 
hay, cloth, or similar absorbent material, and keeping the 
covering wet for not less than 12 hours. 

No specimen of tile shall be exposed to water or air 



temperatures lower than 40 deg. F. from the beginning of 
wetting until tested. Frozen tile shall be completely 
thawed before the wetting begins. 

Each specimen of tile shall be weighed on reliable scales 
just prior to testing, and the weights shall be reported. 

Any machine or hand method which will apply the load 
continuously, or in increments not exceeding 5 per cent, of 
the estimated total breaking load, may be used In making 
the test. The tile shall not be allowed to stand under 
load longer than is required for observing and recording 
the loads. All solid parts of the bearing frames and bear- 
ing blocks shall be so rigid that the distribution of the 
load will not be affected appreciably by the deformation 
of any part. All bearings and the specimens of tile shall 
be so p^urately centered as to secure a symmetrical dis- 
tribution of the loading on each side of the center of 
the tile in every direction. 

The purchaser shall choose (1) sand bearings, (2) hy- 
draulic bearings, or (3) three-point bearings, for use in 
making strength tests of drain tile. These are fully ex- 
plained later. 
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The test results shall be calculated and reported, in 
pounds per linear foot of tile, in terms of the "Ordinary 
Supporting Strength."* 

The ordinary supporting strength shall be calculated by 
multiplying the test breaking loads by the following fac- 
tors: For sand bearings, 1.00; for hydraulic bearings, 
1.25; for three-point bearings, 1.50. 

The results of the strength tests shall be reported 
separately for each of the five individual specimens of tile 
constituting a standard test, together with the average. 

The modulus of rupture may or may not be calculated 
and reported, at the option of the purchaser. When re- 
ported it shall be calculated by the equations' 
W 

M=0.20r— (1) 

12 
6M 

f= (2) 

V 
where Mr=maximum bending moment in wall in pound- 
inches per inch of length, r=radius of middle line of tile 
wall in inches, W=ordinary supporting strength, calcu- 
lated as prescribed above, in pounds per linear foot of 
tile. fr=:modulus of rupture in pounds per square inch, 
and t=thickness of tile wall in inches. 

Five-eighths of the weight of the tile per linear foot for 
sand bearings, or three-fourths for hydraulic or three-point 
bearings, shall be added to W in computing the maximum 
bending moment M, when such addition exceeds 5 per 
cent, of W. The value of t used shall be the average 
thickness of the wall at the top of the tile or that at the 
bottom, selecting the lesser of the two. 

Sand Bearings 

When sand bearings are used (see Fig. 1), the ends of 
each specimen of tile shall be accurately marked in quar- 
ters of the circumference prior to the test. Specimens 
shall be carefully bedded, above and below, in sand, for 
one-fourth the circumference of the tile measured on the 
middle line of the wall. The depth of bedding above and 
below the tile at the thinnest points shall be one-half the 
radius of the middle line of the wall. 

The sand used shall be clean, and shall be such as will 
pass a No. 4 screen. 



*The "ordinary supporting strength" is approximately equal 
to the actual supporting strength of a tile when laid in a 
ditch by the "ordinary" method. See note under Table II. 

rrhe coefficient of 0.20 in equation (1) approximates the 
value found by theoretical analysis and also that determined 
by extended tests. 



The top bearing frame shall not be allowed to come in 
contact with the tile nor with the top bearing plate. The 
upper surface of the sand in the top bearing shall be 
struck level with a straight edge, and shall be covered with 
a rigid top bearing plate, with lower surface a true plane, 
made of heavy timbers or other rigid material, capable of 
distributing the test load uniformly without appreciable 
bending. The test load shall be applied at the exact center 
of this top bearing plate, in such a manner as to permit 
free motion of the plate in all directions. For this pur- 
pose a spherical bearing is preferred, but two rollers at 
right angles may be used. The test may be made without 
the use of a testing machine, by piling weights directly 
on a platform resting on the top bearing plate, provided, 
however, that the weight shall be piled symmetrically 
about a vertical line thru the center of the tile, and that 
the platform shall not be allowed to touch the top bearing 
frame. 

The frames of the top and bottom bearings shall be 
made of timbers so heavy as to avoid appreciable bending 
by the side pressure of the sand. The interior surfaces of 
the frames shall be dressed. No frame shall come in 
contact with the tile during the test. A strip of cloth may, 
if desired, be attached to the Inside of the upper frame 
on each side, along the lower edge, to prevent the escape 
of sand between the frame and the tile. 
Hydraulic Bearings 

When hydraulic bearings are used (see Fig. 2), the 
ends of each specimen of tile shall be accurately marked in 
halves of the circumference prior to the test. 

An hydraulic bearing shall be composed of a wooden 
platen, to which is attached, as hereinafter described, a 
section of rubber hose. The hose shall lie against the tile, 
and the pressure shall be applied to the hose thru the 
platen. 

The platen shall be built of strong wood, and shall be 
not less than 6 by 6 in. in section, and its least length 
shall be the length of the tile plus 8 in. One-inch quarter 
rounds, with their convex surfaces facing and 2 in. apart 
in the clear, shall be firmly attached to the bearing side. 
The straight portion of this face shall extend at least the 
length of the tile, and the platen beyond this length may 
be cut to the arc of a circle. 

Between the quarter rounds shall be laid a piece of 
2 % -in. hose which shall be closed in a water-tight manner 
at each end by clamps. The hose shall contain a volume 
of water not less than one-half nor more than two-thirds 
its capacity, when completely distended. This hose may 
be attached to the platen at either end in any satisfactory 



Table 11. Standard Ordinary Supporting Strengths of Drain Tile for Ordinary Sand and for Thoroly Wet Clay Ditch 

Filling Materials 

Strenarths In Ponndu per Linear Foot 





Hekht of FiU Above 
Top of Tile, Ft. 


Breadth of Ditch at Top of Tile 




IFt. 


2 Ft. 


3 Ft. 


4 Ft. 


5 Ft. 




Method of 
Laying Pipe 


Method of 
Laying Pipe 


Method of 
Laying Pipe 


Method of 
I^iyittg Pipe 


Method of 
Laying Pipe 




Ordii 


aary 


First ClasB 


OFdinar>' 


First Clans 


Ordinary 


First Class 


Ordinary 


First Class 


Ordinary 


First Class 




Ditch Filling 
Material 


Ditch Filling 
Material 


Ditch Filling 
Material 


Ditch Filling 
Material 


Ditch Filling 
Matenal 


Ditch Filling 
Material 


Ditch Filling 
Material 


Ditch Filling 
Material 


Ditch Filling 
Material 


Ditch Filling 
Material 




Band 


Clay 


Sand 


Clay 


Sand 


Clay 


Sand 


Clay 


Sand 


Clay 


Sand 


Clay 


Sand 


Clay 


Sand 


Clay 


Sand 


Clay 


Sand 


Clay 




a 

4 

6 

8 

10 

12 
14 
16 
18 
20 

22 
24 
26 
28 
30 
Very Great 


265 
400 
470 
505 
525 

535 
540 
545 
545 
545 

545 
545 
545 
545 
545 
545 


280 
450 
545 
605 
640 

660 
675 
680 
685 
690 

690 
690 
690 
690 
690 
690 


220 
335 
390 
420 
440 

445 
450 
455 
455 
455 

455 
455 
455 
455 
455 
455 


235 
375 
455 
505 
535 

550 
560 
565 
570 
575 

575 
676 
575 
575 
675 
576 


615 
1 050 
1 370 
1 600 
1 780 

1 880 

1 960 

2 030 
2 070 
2 100 

2 120 
2 140 
2 150 
2 160 
2 170 
2 180 


635 
1 120 
1 500 

1 790 

2 010 

2 190 
2 320 
2 420 
2 500 
2 560 

2 610 
2 650 
2 670 
2 700 
2 710 
2 770 


510 

880 

1 140 

1 330 

1 470 

1 570 
1 640 
1 690 
1 720 
1 750 

1 770 
1 780 
1 790 
1 800 
1 810 
1 820 


.530 

935 

1 250 

1 490 

1 680 

1 820 

1 930 

2 020 
2 090 
2 140 

2 180 
2 210 
2 230 
2 260 
2 260 
2 310 


970 

1 750 

2 370 

2 870 

3 270 

3 600 

3 850 

4 060 
4 230 
4 370 

4 470 
4 560 
4 630 
4 680 
4 730 
4 910 


990 

1 820 

2 530 

3 110 

3 610 

4 030 
4 380 
4 670 

4 920 

5 130 

5 310 
5 460 
5 580 
5 680 

5 770 

6 230 


810 
1 460 

1 980 

2 390 

2 730 

3 000 
3 210 
3 390 
3 530 
3 640 

3 730 
3 800 
3 850 
3 900 

3 940 

4 090 


830 

1 520 

2 no 

2 590 

3 010 

3 355 
3 650 

3 890 

4 100 
4 280 

4 420 
4 540 
4 640 
4 740 

4 810 

5 190 


1 330 

2 460 

3 410 

4 220 

4 900 

6 480 

5 980 

6 400 

6 750 

7 050 

7 310 
7 520 
7 700 
7 860 

7 990 

8 730 


1 350 

2 540 

3 580 

4 490 

5 290 

6000 

6 620 

7 160 

7 630 

8 060 

8 430 

8 750 

9 030 
9 280 
9 500 

11 100 


1 110 

2 040 

2 840 

3 510 

4 080 

4 570 

4 980 

5 330 
5 630 

5 880 

6 090 
6 270 
6 420 
6 550 

6 660 

7 270 


1 130 

2 110 

2 980 

3 740 

4 410 

5 000 
5 520 

5 970 

6 360 

6 720 

7 020 
7 290 
7 630 
7 740 
7 920 
9 230 


1 690 

3 160 

4 460 

5 690 

6 690 

7 460 

8 230 

8 890 

9 480 
9 990 

10 400 

10 800 

11 20C 
11 600 
11 800 
13 600 


1 710 

3 250 

4 640 

5 890 

7 020 

8 030 

8 950 

9 770 

10 520 

11 200 

11 800 

12 300 

12 800 

13 300 
13 700 
17 300 


1 410 

2 640 

3 720 

4 660 

5 490 

6 220 

6 850 

7 410 
7900 

8 330 

8 700 

9 030 
9 320 
9 570 
9 800 

11 400 


1 430 

2 710 

3 870 

4 910 

5 850 

6 690 
7400 
8 150 

8 770 

9 330 

9830 
10 300 

10 700 

11 100 
11 400 
14 400 



Note. — Ordinary Pipe Laying: is pipe laying in accordance with customary good practice In tile-drain construction, whereby 
the underside of the pipe is well bedded on soil for 60 to 90 deg. of the circumference. 

First-Class Pipe Laying is pipe laying in accordance with the best customary practice in pipe-sewer construction, whereby 
the entire underside of the pipe is very thoroly bedded on soil and the entire pipe is surrounded by well-compacted soil. 
under the direction of an inspector constantly present on the work. 

When pipe is laid in a Concrete or Other Permanent Masonry Cradle, strong enough to carry the entire load to the sub- 
base without breaking and large enough to prevent material settlement, the standard strengths for all dimensions of ditches 
and all filling materials shall be those specified for Standard Drain Tile in Table I. 
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manner which will not induce wrinkling when under test 
pressure. 

The test load shall be applied at the middle of the top 
bearing, in such a way as to leave the bearing free to move 
in the vertical plane of the axis of the tile. 
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FlflT. 4. — Suweated Plana for Freeslnflr Crate and Tray a 

It is recommended that stops be screwed to the platen, 
symmetrical with the point of application of the load, and 
at a distance apart not greater than the length of the tile 
plus Vz in. This will help center the load coming upon 
the tile. 

Three-point Bearings 

When three-point bearings are used (see Fig. 3), the 
ends of each specimen of tile shall be accurately marked in 
halves of the circumference prior to the test. 

The lower bearings shall consist of two wooden strips 
with vertical sides, each strip having its interior top cor- 
ner rounded to a radius of approximately ^ in. They 
shall be straight, and shall be securely fastened to a rigid 
block with their interior vertical sides 1 in. apart. 

The upper bearing shall be a wooden block, straight and 
true from end to end. 

The test load shall be applied thru the upper bearing 
block in such a way as to leave the bearing free to move 
in a vertical plane passing midway between the lower 
bearings. 

In testing a tile which is "out of straight," the lines 
of the bearings chosen shall be from those which appear to 
give most favorable conditions for fair bearings. 

For the absorption tests the reader is referred to the 
entry under Absorption in the definition section, as the 
two methods are almost identical. 



Freezing and Thawing Tests of Drain Tile 

The specimens shall be immersed for 72 
water having a temperature of 18 to 24 deg. 
75 deg. F.) and then weighed. For freezing, 
be placed with their concave faces upward in 



hours in 
C. (65 to 
they shall 
watertight 



metal trays, suitably mounted in a rigid metal crate,' 
and immersed in ice water until the specimens have at- 
tained substantially the temperature of the water, after 
which the water shall be drawn down to a depth of ^ 
in. in each traiy. The crate shall then be lifted as a whole, 
without disturbing the specimens, and placed in the 
freezing apparatus. 

Freezing shall be performed in a quiet atmosphere, free 
from perceptible natural or artificial currents. If arti- 
ficial freezing apparatus is employed,' the apparatus shall 
have sufficient heat-absorbent capacity to enable the tem- 
perature of the freezing chamber to be brought to — 10 
deg. C. (-j-14 deg. F.) or below, within thirty minutes 
after the introduction of the specimens. The tempera- 
ture in the freezing apparatus shall not fall lower than 
— 20 deg. C. ( — 4 deg. F.). The freezing shall be con- 
tinued until the water in the trays is frozen solid. Ex- 
posure to freezing conditions in excess of this require- 
ment shall be considered as without significance. 

At the conclusion of freezing under the specified con- 
ditions, the crate of specimens shall be withdrawn and 
at once immersed in water at a temperature of 18 to 
24 deg. C. (65 to 75 deg. F.) in a special receptacle of 
proper size. Heating shall be continued so that the 
water will regain the required temperature as soon as 
practicable after the specimens are immersed. A tem- 
perature of 18 to 24 deg. C. (65 to 75 deg. F.) shall then 
be maintained for not less than 2 hours. At the con- 
clusion of the thawing treatment, the crate of speci- 
mens shall be inspected and the condition of each sam- 
ple after each thawing shall be noted in the records. 

Failure under the freezing and thawing treatment 
shall be considered to be reached when: 

(a) The specimens show superficial disintegration or 
spalling with loss of weight of more than 5 per cent, of 
the initial dry weight; or, 

(b) The specimens are badly cracked in other than 
lamination planes; or, 

(c) The specimens show evident serious loss of struc- 
tural strength. 

Physical Test Requirements 

The physical test requirements for the different classes 
of drain tile shall be as given in Table I. 

Drain tile made of mixtures of surface clays with other 
clays shall conform to the absorption requirements for 
surface-clay tile in Table I, when the proportion of sur- 
face clay is 75 per cent, or more, and to the require- 
ments for shale and fire-clay tile for all other proportions. 

In the event that a standard sample of tile fails to meet 
the requirements of the absorption test, the manufac- 

Table HI. Distinctive General Physical Properties of 
DifTerent Glasses of Drain Tile 



Physical PropertieB Specified 


Farm 
Drain Tile 


Standard 
Drain Tile 


Extra-Quality 
Drain TUe 


Allowable variation of average diameter bdow 
specified diameter, pa* cent 


5 


3 


3 


Allowable variation between maximum and mini- 
mum diameters of same tile, or average diameters 
of adjoining tile, percentage of thickness of wall 


85 


75 


65 


Allowable variation from straightness. percentage 
of length 


5 


3 


3 


Allowable thickness of exterior blisters, lumps and 
flakes which do not weaken tile and are few in 
number, percentage of thickness of wall 


25 


20 


15 


Allowable diameters of above blist^TB, lumps and 
flakes, p^centage of internal diameter 


20 


15 


10 


General Inspection 


Careful 


Rigid 


Very rigid 





turer or other seller may demand recourse to the freez- 
ing and thawing test, to be made at his expense. In 
such recourse, the number of tiles tested shall be 20. 
If the material passes the freezing and thawing test 
satisfactorily, it shall not be rejected on account of its 
failure to meet the absorption requirements specified in 
Table I, but the average percentage of, absorption of the 
specimens used in- the freezing and thawing test shall be 



^Fig. 4 shows a crate and trays suitable for use in the box 
for artificial freezing illustrated on page 159. 

'Artificial freezing will generally be necessary. It may be 
conducted in a commercial zero (F.) refrigerating room or 
in an artificial freezing box similar to the one shown on page 
159, in which zero (F.) temperatures can readily be produced 
by the use of salt and ice. 
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adopted as the maximum allowable mean absorption for 
the contract in question. 

In the strength tests, indiyldual tiles of a standard 
test whose mean strength is satisfactory may fall 25 per 
cent, below the requirement for the average without caus- 
ing rejection. In the absorption test, the absorption of 
indiyldual tiles of a standard sample, which gives a sat- 
isfactory mean absorption percentage, may exceed the 
average by 25 per cent, without causing rejection. In 
the freezing and thawing test, at least 95 per cent, of all 
the tiles tested shall meet the requirement. 

In the event of the failure of a standard sample to 
meet the above requirements, the manufacturer or other 
seller may thoroly cull the material and submit a por- 
tion for retest at his own expense, and for such retest the 
number of tiles per sample shall be 10 for the strength 
and absorption tests and 20 for the freezing and thawing 
test. In the event of the failure of the material after 
culling to pass the requirements, it shall be rejected with- 
out further test. 

Visual Inspection 

The sizes of drain tile shall be designated by their 
interior diameters. 

Drain tile smaller than 12 in. in diameter shall have a 
minimum length of 12 in. Tile of from 12 to 30 in. in 
diameter, inclusive, shall have lengths not less than the 
diameters. Tile larger than 30 in. in diameter shall 
have a minimum length of 30 in. 

Drain tile shall be substantially uniform in structure 
thruout, and an inspector shall investigate this prop- 
erty by examining fractured surfaces. 

Drain tile shall give a clear ring when stood on end 
and while dry tapped with a light hammer. 

Drain tile shall be reasonably smooth on the inside. 

Drain tile shall be free from cracks and checks extend- 
ing into the body of the tile in such a manner as to de- 
crease the strength appreciably. Tile shall not be chipped 
or broken in such a manner as to decrease their strength 
materially or to admit earth into the drain. 

All drain tile shall be sufBciently "vitrified" or "hard- 
burned" to afford the degree of supporting strength, per- 
centage of absorption, and resistance to freezing and 
thawing specified in the physical test requirements pre- 
scribed in Table I. 

Drain tile of the different classes shall, in addition to 
all requirements heretofore specified, have the distinc- 
tive physical characteristic prescribed in Table III. 

213— DRIVE, SILENT CHAIN 
Notes on Design 

Designing drives within the following limitations repre- 
sents best practice: 



PITCH OF CHAIN 
(Nominal) 



Minimum number of teeth in 
driving wheel 

Minimum number of teeth in 
driven wheel 

Maximum revolutione of mini- 
mum wheel 

Correaponding chain speed. . . . 



H 



16 

17 

2260 
1200 



H 



17 

19 

1835 
1300 



H 



17 

19 

1460 
1300 



H 



17 

19 

1220 
1300 



17 

21 

920 
1300 



IH 



17 

21 

800 
1400 



IH 



17 

21 

700 
1500 



19 

23 

530 
1500 



2H 



19 

23 

425 
1500 



Encased Drives with constant lubrication can be designed 
to operate at chain speeds up to 2,500 feet per minute. 

Minimum center distance = Diameter of larger wheel + 
half the diameter of smaller wheel. 

It is not economical to exceed any of these limitations 
for the sake of obtaining a lower first cost. If, however, 
the conditions necessitate exceeding these figures, submit 
the full particulars to a manufacturer. 

An odd number of teeth in pinions. 

An even number of links (or pitches) in the 
chain. 

Adjustability in the distance between centers 
of wheels, to regulate or eliminate the 
slack, as occasion may require. 

Different pitches and widths of chains may have about 
the same horsepower rating, as for instance, %" pitch 
2" wide, %" pitch 1%" wide, and %" pitch m," wide. 
From a mechanical standpoint, the chains whose widths 
range from 2 times the pitch to 6 times the pitch, are pref- 
erable and are generally employed. The longer-pitch 
narrower chains are cheaper than shorter-pitch wider 
chains, but are likely to require somewhat larger wheels. 



Desirable 
Features 



They are preferable in drives having a long proportionate 
distance between centers. 

The horsepowers listed for the chains are based on a 
uniform rate of work, where there is little shock or varia- 
tion in the load thruout a single revolution of the driven 
wheel. 

Drives running such machinery as single acting pumps, 
compressors, etc., or operating more than ten hours per 
day, should be figured at ten to fifty per cent, above rated 
power, depending upon the judgment of the engineer as to 
the maximum momentary strains that may be developed, 
the frequency of such strains, the portion of the time the 
drive is under maximum load, and the percentage of the 
total time the drive is in operation. 

The selection of heavier chains than the minimum sizes 
recommended, will give more than a corresponding return 
in the service rendered. This is particularly true in small 
drives, where the overloads are proportionately high. 

The approximate ultimate strengths of the chains can 
be obtained by multiplying the pitch in inches by the width 
in inches, and multiplying this by 5,500. This would 
make, for instance, a 2-inch pitch chain 12 inches wide 
have an ultimate strength of 132,000 lbs. (2xl2x^»^00= 
132,000.) 

Durability, and not ultimate strength, is the important 
element in selecting proper chains. 

Courtesy Link-Belt Co. 

212— DRIVE, ROPE 

The table below shows the proper relation between the 
rope and sheaves used in transmitting power by means 
of wire rope, and approximately the amount of power 
that may be thus transmitted. The calculations are based 
upon a rope of the 6 strand, 7 wires per strand con- 
struction : 



Diam- 


Number 






Diam- 


Number 






eter of 


of Revo- 


Diameter 


Horse- 


eter of 


of Revo- 


Diameter 


Horse- 


Sheave 


lutions 


of Rope 


power 


Sheave 


lutions 


of Rope 


power 


in Feet 


Minute 






in Feet 


per 
Minute 






3 


80 


H 


3 


7 


140 


H 


35 


3 


100 


H 


3^ 


8 


80 


% 


26 


3 


120 


*A 


4 


8 


100 


H 


32 


3 


140 


H 


4Ji 


8 


120 


H 


139 
,F45 
I 47 

48 


4 


80 


H 


4 


8 


140 


H 


4 


100 


H 


5 


9 


80 
















% 


58 


4 


120 


H 


6 


9 


100 


% 


60 
69 


4 


140 


Vs 


7 


9 


120 


% 


73 
82 


5 


80 


Ji 


9 


9 


140 


H 


84 


5 


100 


H 


11 


10 


80 


H 


64 
68 


5 


120 


% 


13 


10 


100 


i 


80 
85 


5 


140 


K 


15 


10 


120 


% 


96 
102 


6 


80 


Yi 


14 


10 


140 


% 


112 
119 


6 


100 


H 


17 


12 


80 


^ 


93 
99 


6 


120 


H 


20 


12 


100 


*A 


116 
124 


6 


140 


H 


23 


12 


120 


g 


140 
149 


7 


80 


*A 


20 


12 


120 


1 


173 
141 


7 


100 


% 


25 


14 


80 


1 


148 
176 


7 


120 


% 


30 


14 


100 


m 


185 



146— CONDENSER 

Condensing engines require from 20 to 30 gallons of 
water to condense the steam represented by every gallon 
of water evaporated — approximately for most engines, we 
say, from one to one and a half gallons per minute per 
horse power. Jet condensers do not require quite as much 
water for condensing as surface condensers. 



162 



CLAY PRODUCTS CYCLOPEDIA 



214— DRUM, WINDING 

A Formiila for GompntiBg the Capacity of Any Dnim for 
Rope 

Dimensions are all in inches. Add the depth of flange 
(A) to the diameter of the drum (B). Multiply this sum 
by the depth of the flange (A). Multiply the result by 
the width of the drum between flanges (C). Multiply this 
result by the flgure in column opposite the size of rope. 

This in the form of a formula is 
Capacity of the drum in feet=r(A-|-B)xAxCx™ultiplier. 




Sketch for Compntlnflr Capacity of Drum 



Multipliers 



M inch 4.16 

% inch 1.86 

7/16 inch 1.87 

H inch 1.05 

9/16 inch 828 

% inch 672 

% inch 465 

% inch 342 

1 inch 262 

1% inch 207 

1% inch 167 

228— DRYER, STEAM 

Equalization of Pipes 

One square foot of radiating 

3.63 lineal feet of 
2.9 lineal feet of 
2.3 lineal feet of 
2.01 lineal feet of 
1.608 lineal feet of 
1.329 lineal feet of 
1.090 lineal feet of 
0.955 lineal feet of 
0.848 lineal feet of 
0.763 lineal feet of 
0.685 lineal feet of 
0.576 lineal feet of 



1% 
1% 
1% 
1% 

1% 
2 

2% 
2% 
2% 
2% 



inch 138 

inch 116 

inch 099 

inch 085 

inch 074 

inch 066 

Inch 058 

inch 052 

inch 046 

inch 042 



surface equals 

% inch pipe 

1 inch pipe 

1 ^ inch pipe 
1^ inch pipe 

2 inch pipe 
2^ inch pipe 

3 inch pipe 
3% inch pipe 

4 inch pipe 
41^ inch pipe 

5 inch pipe 

6 inch pipe 



In connection with steam coils for a reduced pressure 
of 30 pounds the following sizes should be used: 



Sq ft. of surface 

450 

650 
1,000 
1,350 
1.725 
2,700 
4,000 



Size of steam main 

2 inches 

2 % inches 

3 inches 

3 ^ inches 

4 inches 

5 inches 

6 inches 



Size of return 

1^ inches 

1 % inches 

2 inches 
2 inches 

2 ^ inches 

3 inches 
3% inches 



How Much Radiation Will an Exhaust Supply? 

A simple engine requires 35 lbs. of steam per H. P. 
per hour on an average. This steam will contain, say, 
980 heat units as it is exhausted, and the engine will 
therefore deliver about 34,300 heat units per H. P. per 
hour in its exhaust. About 3,430,000 heat units are thus 
available from a 100 H. P. engine per hour. If this were 



all used in a heating system and the returns came back at 
150 deg. there yrould be available roughly 3,000,000 
B. t. u. Allowing a radiation of 250 B. t. u. per sq. ft. 
from the ordinary radiator, the exhaust from a 100 H. P. 
engine would therefore supply roughly 12,000 square feet 
of radiation, provided no steam were used for heating the 
feed water. 

The radiation per hour per square foot of radiating sur- 
face is considered to be 280 B. t. u. 



223— DRYER, RELATION OF AIR TO 

Searle's Clayworkers' Handbook has the following table 
which assists in determining the amount of air required to 
drive one pound of water from clay ware. 



Temperature of 

Air Entering 

Dryer 

Degree F. 


Temperature 

Leaving 

Dryer 

Degree F. 


Weight of 
Air Required 
Pounds 


B.T.U. required to 
Drive 1 Pound of 
Water Out of Clay 


72 

98 

130 

170 

220 


52 
62 
72 
82 
92 


227 

125 

77 

50 

34 


2166 
1954 
1788 
1652 
1537 



This table is figured for full saturation, but since this 
condition is practically never attained proper allowance 
must be made for the proper conditions. 

Searle also gives the following showing the weights and 
volumes of air at various temperatures which will con- 
tain, when saturated, one pound of water in the form 
of vapor: 





Weight of Air 


Volume of Mixture 


Degrees F. 


Pounds 


Cubic Feet 


42 


178.18 


2272 


52 


122.17 


1596 


62 


84.79 


1136 


72 


59.54 


819 


82 


42.35 


600 


102 


21.98 


333 


132 


8.49 


151 


182 


1.402 


48.7 



235— DYNAMITE 
Steel Storage Magazines 



No. 

1. 
2. 
3. 
4. 
5. 
6. 



108 
216 
324 
504 
672 
840 



7.. 1,056 

8.. 1,320 

9. .1,584 

10. .1.848 



Capacity 

kegs, 54 dynamite 
kegs, 108 dynamite 
kegs, 162 dynamite 
kegs, 252 djrnamite 
kegs, 336 dynamite 
kegs, 420 djrnamite 
kegs, 528 dynamite 
kegs, 660 dynamite 
kegs, 792 dynamite 
kegs, 924 dynamite 



cases 
cases 
cases 
cases 
cases 
cases 
cases 
cases 
cases 
cases 



Size 

3'x6'x 6' 

6'x6'x 6' 

6'x6'x 9' 

8'x7'x 9' 

8'x7'xl2' 

8'x7'xl5' 

Il'x8'xl2' 

Il'x8'xl5' 

Il'x8'xl8' 

Il'x8'x21' 



Portable Iron Magazines— on Wheels 



No. 

1 . . 8 kegs, 

2. .12 kegs, 

3. .16 kegs, 



Capacity 

4 dynamite cases 
6 dynamite cases 
8 djmamite cases 

4. .24 kegs, 12 djmamite cases 

5. .30 kegs, 15 dynamite cases 

Courtesy Herculea Powder Co. 



Size 

24»z24''x25 
21''x25''x31 
21"x25''x40 
26''x28''x48 
30''x30''x50 



Weight 

800 lbs. 

1,250 lbs. 

1,500 lbs. 

2,000 lbs. 

2,400 lbs. 

2,800 lbs. 

3,200 lbs. 

3,700 lbs. 

4,200 lbs. 

4,700 lbs. 



Weight 

145 lbs. 
165 lbs. 
195 lbs. 
340 lbs. 
390 lbs. 



141_COAL, HEAT VALUE OF 

Approximate heating value Judging from the moisture 
and ash content. 

At times the heating value of a coal is expressed in 
b. t. u. as the moisture and ash free calorific value. If 
a customer has this flgure and has been able to determine 
the aa'h and moisture content he can easily figure the 
'"^ \x^^ valu® of the coal as received by adding the ash 
th utur© contents together and deducting this total 
P^'^Ct^^^^ from the heating value as shown, ash and 



163 



V 



CLAY PRODUCTS CTCLOPEDIA 



240— ELECTRICAL PORCELAIN 

The following speciflcations are excerpts from the 
tentative specifications suggested by the American Society 
for Testing Materials. 

These tests are intended to apply to porcelain which is 
to be used for electrical insulating purposes. 

Tensile Streng^ 

Any standard testing machine may be employed, but it 
shall be of suitable capacity. 

Test specimens may be prepared by pugging or extrud- 
ing rolls of suitable size, throwing rolls by hand or by 
cutting rolls from pugged blocks. For comparative tests 







if^ - 



r 



/:i 







Fig. 1. 

one method of preparing specimens should be adhered 
to as test specimens prepared by different processes 
show different results. They shall be turned in the green 
condition to such dimensions as will give fired pieces 
of standard size, shrinkage being determined and al- 
lowed for as in regular ceramic practice. Variation from 
the standard dimension shall be kept within + or — 5 per 
cent., as it has been found that the strength per square 
inch calculated from results obtained with test speci- 
mens of about 0.2 sq. in. Increases about 0.5 per cent, 
for a decrease in area of 1 per cent. 

Test specimens shall be fired in saggers on end, either 
on placing sand or clay bats. They shall not be buried 
in sand as this will cause the pieces to break in firing. 
Firing shall be carried out in the regular porcelain kilns. 
Specimens which have warped in firing shall be rejected 
because they will give unreliable results and therefore a 
sufficient number of specimens should be prepared to give 
the required number of satisfactory ones. 

Ohio Brass Co. Method 

The test specimens shall have the shape and dimen- 
sions shown in Fig. 1. 

Jeffry-Dewitt Insulator Co. Method 

The test specimens shall have the shape and dimen- 
sions shown in either 

I ,. I 



I k5'-*» ! 




Figr. 2. 



Fig. 2 or Fig. 3. The 
maximum cross-section 
area in the reduced 
section of the speci- 
men shall not be great- 
er than 0.2 sq. in. 

When dry, the shoul- 
der of the specimens 
shall be glazed, leav- 
ing the reduced section 
free from glaze. 



Note. — The grlaze is necessary to obtain uniform results and 
insure that failure occurs In testing in the reduced section. 
The grlaze is omitted from the reduced section in order to 
avoid variation in streng^th which may be attributable to the 
grlaze. 

O. B. Method 

The method of mounting the test specimen in the 
specimen holders is shown in Fig. 4. The method of 
using the assembly jig shown in tlK figure is as follows: 
The test specimen is calipered at the small section. The 
tapered jig, G, with the arbor, E, is then placed in the 
guides, V. The point on the tapered piece, G, which has 
the same diameter as the minimum section on the speci- 
men is placed directly over the V-notched block, N. This 
piece is then raised until it comes in contact with the 
piece, G, and the wing nut, S, tightened. E and G are 
then removed and the cap pieces, C, screwed on to the 
rods, R, which are laid in the notches V-V. The center 
of the specimen is placed in the V-notched block, N, and 
the clamping piece, L, tightened down to hold it in place. 



One of the caps, C, with the attached rod, R, can then 
be moved over the end of the specimen and held in place 
by tightening the strap, H; the whole assembly apparatus 
is then stood on one end and the cap moved so as to allow 
filling with cement. The cap is then moved up in place, 
rotating it at the same time so as to properly work In 
the cement. The strap, H, is then tightened and the 
piece left undisturbed until the cement hardens. 

When the cap has been attached at one end, the as- 
sembly apparatus can be stood on the other end and the 
other cap cemented in place. 







Note. — This arransrement permits of setting up the jug 
properly and easily for specimens which vary slightly In 
diameter and insures keeping: the center line of the specimen 
in the center line of the caps. A slight tip of the specimen 
will be unimportant so long* as both caps can be assembled 
to the specimen. 

After the cement has hardened (which will not require 

more than five or ten minutes if litharge cement is used), 

the specimen, can be removed and eyes screwed into 'caps 

in place of the rods, R. 

L 







Flff. 4. 

J-D Method 

The method of mounting the test specimen in this 
method of testing is as follows: 

Test Specimen, Fig. 2 (Conical Ends) 

The specimen shall be held by small steel clamps. 
Fig. 5, each consisting of a split bushing, B, ground to 
fit the test specimen, T, and held by a collar, C, the load 
being applied by the plate, P, held in slots of the jaws of 
the testing machine thru, the ball and socket joint, J. 
The soft gasket, G, of blotting paper shall be inserted 
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between the porcelain &nd the bushing to distribute the 
load. A new gasket ahall be used with each specimen. 
Test Specimen, Fig. 3 (Dumb-bell Ends) 

The specimen U held by a. split ring, R. Tig. 6, with 
the sstne radius ot curvature as the shoulders of the 
specimen. This ring fits into a recess In plate P> which, 
in turn. Qts Into the slots in the Jaws ot the testing 
machine. 

Note,— No gaBket la required with this piece when the 
Bhouldera are glazeiJ. Satisfactory reeultB have not been 
obtained with unglazed pieces, even when using a gasket. 
This form ol epeclmen has the advantaKe of requiring no 
gasket and ho la more rapid In manipulation and of allowing 
greater variation In dimensions. 

Not less than 10 specimens (preferably more) shall be 
tested In the normal condition. 



The specimen shall be pulled apart at such a constant 
speed that the beam of the testing machine can be kept 
well balanced at all loads. 

When tallure occurs outside ot the reduced section, 
that result shall be discarded. 

The tests shall be made at a room temperature ol about 
SO deg. C. (68 deg. F.). 

The report shall Include the tollowlttg: 

The diameter In Inches or centimeters as measured by 
a micrometer at the point ot fracture. 

The breaking load ol each specimen In pounds or In 
kilograms. 

The ultimate strength tn pounds per square inch or 
In kilograms per square centimeter ot each specimen as 
calculated from the actual area ot the specimen measured 
at the point ot fracture. 

The average ot these results: 

The character ot the material tested and a description 
of Its behavior under stress. 



Compressive Strength 

Any standard testing machine may be used. A con- 
tact pad or cushion ot g^ In. ot blotting paper shall be 
placed between the upper and lower faces ot the epect- 
rnens and the heads ot the testing machine to equalize 
Irregularitlea In the surfaces. Fresh cushions shall be 
used for each specimen tested. 

The test specimen shown In Fig. 7 shall be used tor 
the compressive strength test. 

Not less than 10 specimens (preferably more) shall be 
tested In the condition in which they are received. 

The load shall be applied at that constant rate ot speed 
which will permit the beam to be kept well balanced at 
all loads. 

The test shall be made at a room temperature ot about 
20 deg. C. (68 deg. F.). 

The report shall include the following: 

The dimensions ot each specimen In Inches or la 
millimeters. 

The load In pounds or kilograms on each specimen at 
the flrat sign ot fracture. 



""'>oS, 



Pic. 7. 



The ultimate compressive strength In pounds per 
square Inch or In kilograms per square centimeter tor 
each specimen calculated from the measured area before 
the load Is applied. 

The average of these results: 

General character of the material tested and a descrip- 
tion ot its behavior under toad. 

The speed In Inches or In centimeters at which the 
Jaws traveled during the test. 
Beslstance to Impact 

The test shall be made with the apparatus shown in 
Fig. 8. 

The test specimen shown In Fig. 
7 shall be used tor Impact tests. 

The specimen shall be placed 
on the base of the device directly 
under the hammer with a disc of 
blotting paper on the top ot the 
specimen. The collars shall be set 
for a S-1q. drop of the hammer. 
The hammer shall be raised to 
the stops and allowed to fall un- 
impeded upon the apeclmen. A 
fresh disc of blotting paper shall 
be uaed for each blow ot the hammer. 

The entire hammer shall weigh 1.87 lb. (8S0 g.). 

If the specimen remains unbroken after 20 blows of 
the hammer using the 6-in. drop, the drop shall be In- 
creased to 7 In. and the test repeated. It the specimen re- 
mains unbroken after 20 blows using the 7-in drop, the 
distance shall be Increased to 8 in. and the test repeated. 
If necessary. Increasing the height 1 in. per SO blows 
shall be continued until the specimen breaks. 

Not less than ttve specimens shall be tested In the 
condition in which they are received. 

The report shall Include a statement ot the number 
ot blows required to break each specimen with a 6-ln. 
fall ot the hammer or, It failure did not occur with the 
6-ln. drop, the total number of blows and heights of drop 
necessary to fracture each specimen. 

Dielectric Strength 

The apparatus shall be as described in Section 14 of 
the Tentative Methods of Testing Molded Insulating 
Materials < Serial Desig- 
nation: D 48 — 21 T) ot 
the American Society for 
Testing Materials.' 

The specimens shall be 
as shown tn Fig. 1 except 
that the threads may be 
omitted. 




Hard 
SH^Htad 

for Hammtr 




Porcelain for All Purposes 

A pad ot wet clay about 
M. In. thick shall be laid 
In the groove and a lining 
ot wet clay about ^4 In. 
thick put on the Inside ot 
the specimen. The poten- 
tial shall be applied to 
these two pads ot clay by 
any suitable means. Mer- 
cury may be substituted 
tor the wet clay If de- 
sired. The test should 
preferably be made In air 
but It may be made In 
transformer oil it neces- 
sary. 

Not less than ten speci- 
mens shall be punctured 
In their normal condition 
at a normal room tem- 
perature of about 2 deg. 
G. (68 deg. F.). Fig. 8. 

Porcelain for Transmfcuon Line Insulators 

In addition to the Urst teat prescribed, not less than 
10 specimens shall he tested in the same manner at a 
temperature of 76 deg. C. (167 deg. F.). 

Porcelain for Spark Plugs 

In addition to the flrst test prescribed, not less than 
10 apectmens shall be tested to determine the effect of 
high temperatures on the dielectric strength. The apecl- 
"'^Ds Bhall ^s placed in an electrically heated oven the 
temnnrnture o' which can be raised at a constant rate to 
600^^ c. 1^-112 deg. F.). A given voltage shall be 
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applied and maintained constant and the temperature 
raised at any constant rate such that the porcelain is 
always practically at the temperature of the air. The 
temperature shall be raised until puncture occurs. 

Whenever a puncture occurs at a point other than the 
minimum section of the specimen in any of the tests 
prescribed above, that result shall be discarded. 

The report shall include the following: 

A statement of the purpose for which the porcelain is 
intended and the kind of tests which were made. 

The thickness of the specimen at the bottom of the 
groove. 

The voltage at puncture for each of the test speci- 
mens together with the average, maximum and mini- 
mum volts per mil or per millimeter of thickness. 

Resistance to Thermal Change 

Porcelain for Transmission Line Insulators 

The apparatus shall consist of a hot water bath main- 
tained at a temperature of 100 deg. C. (212 deg. F.) and 
an ice water bath maintained at deg. C. (32 deg. F.). 

The test specimens shall be as shown in Fig. 1. 

The test specimen shall be immersed in the ice water 
bath for ten minutes and then transferred as quickly as 
possible to the hot water bath, and allowed to remain 
there for ten minutes. The specimen shall be trans- 
ferred back to the cold water and the cycles continued 
until the specimen breaks. 

Not less than five specimens shall be tested. 

Report the number of cycles necessary to cause frac- 
ture of each test specimen. 

Porcelain for Spark Plugs and Heating Devices 

A furnace in which a temperature of 900 deg. C. (1,652 
deg. F.) can be obtained and any suitable testing machine 
for determining the transverse strength of small beams 
may be used. 

The specimens shall be as shown in Fig. 3. 

One-half of not less than 12 specimens shall be taken 
and placed in the furnace. The rate of heating shall be 
so adjusted that the temperature reaches 900 deg. C. 
(1,652 deg. F.) in two hours. The furnace shall then be 
allowed to cool at such a rate that room temperature is 
reached in four hours. 

All specimens for transverse strength shall be tested 
by placing them on supports 6 in. apart and loading them 
at the center. 

The report shall include the following: 

The load in pounds or kilograms required to break 
each specimen not subjected to heat treatment, together 
with the average. 

The load required to break each specimen that was 
subjected to heat treatment, together with the average. 

The percentage loss of strength due to heat treatment 
calculated from the two averages. 

Porosity 

Moisture Absorption 

Any good chemical balance, a beaker of distilled water 
at normal room temperature of about 20 deg. C. (68 
deg. F.) and an ovea of any standard make capable of 
maintaining a uniform temperature at the desired point 
within + or — 5 deg. C. shall be provided. 

A single piece of porcelain shall be used weighing from 
30 to 50 g. and with at least 50 per cent, of the surface 
newly fractured. 

The specimen shall be dried for 24 hours at 120 deg. 
C. (248 deg. F.), cooled in a desiccator and weighed. The 
specimen shall then be totally submerged in the distilled 
water at room temperature (about 20 deg. C.) and al- 
lowed to remain submerged for 100 hours. The water 
shall be boiled for approximately one hour during the 
first, twenty-fifth, forty-ninth and seventy-third hours. 
The specimen shall be removed at the end of the 100-hour 
period, the surface moisture carefully dried off with a 
clean, dry cloth and the specimen weighed. 

The report shall include the following: 

The original weight of the specimen; 

The dry weight of the specimen; 

The dry weight of the specimen after immersion for 
100 hours; 

The percentage of moisture content in each specimen 
as received and the percentage of moisture absorbed dur- 
ing the 100 hours, taking the dry weight as 100 per cent., 
and the average where more than one specimen is tested. 

Penetration of Dye 
A closed receptacle containing an alcoholic dye solu- 
tion and a pump with which a pressure up to 600 lb. 



per sq. in. can be maintained in the receptacle shall be 
provided. 

A single specimen of porcelain shall be used, weighing 
at least 30 g. and with at least 50 per cent, of the surface 
newly fractured. This specimen may be taken from any 
piece of finished ware, but if the piece varies materially 
in thickness (as, for example, in a transmission line in- 
sulator), e specimen shall be taken from both the thin- 
nest and the thickest portions. 

The specimen shall be immersed for two hours in a 
saturated methol alcoholic solution of eosln or fuchsine 
at a pressure of not less than 200 lb. per sq. in. nor more 
than 600 lb. per sq. in. at a room temperature of about 
20 deg. C. (68 deg. F.). 

The report shall include a statement of the maximum 
depth of the penetration of the dye toward the interior 
of the specimen from the fractured surface exposed to 
the solution. (Lines of penetration along obvious cracks 
caused by possible fracturing are to be disregarded.) 

242— ELEVATOR BOLTS 

Sizes of the Flat-Headed Type Carried by Supply Houses 
— Length Under Head and Diameter of ShaiUL, Both in 
Inches 






Hx 




1 X Vs 



The attached table showing thicknesses of belt in 
inches of the various plies and the various materials 
affords information on which to base the proper length 
of elevator bolt. 



No. of Plies 


Leather 


Rubber 


Cotton 


Canvaa 
Stitched 


Single 


fttoM 








Double 








2 


H 

' y% 


i 




3 




% 
% 


4 




5 




6 




8 











The thickness of the nut of an elevator bolt is approxi- 
mately the same as the diameter of the bolt. 

58— BOILER COMPOUND 

The attached table shows the heat that must be attained 
by a boiler shell in order to transmit a given amount of 
heat units to the water inside of the boiler. A clean 




i i i i i i i 

%T Ut. IteAMSMirrcQ ^n ^afr Or Boiucn 5iMrACft ta Houit 
EFFECT OF SCALE ON HEAT TRANSMISSION 

plate will transmit 17,500 B. t. u. per hour per sq. ft. of 
boiler surface with the sheet only 100 deg. higher in tem- 
perature than the water, or 312 deg. A boiler with a 
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heavy greaey coating or ecBle will tranamlt 12.500 B. t. u. 
with an Increase of SDO deg. in the temperature of the 
shell over that of the water. In other words, the shell 
would have a temperature of 1,012 deg. It is easy to see 
why bags are caused lu boilers that are afflicted with a bad 
scale. Boiler compounds aim to soften this scale so that 
it can be removed eaBilr. 

Courte.y H. 9. a W.— Cochmne CorporHlOB. 

245— ELEVATOR OR BUCKET CONVEYOR 

The attached cut shows a method of cleaning sticky clay 
from elevator buckets. Some provision must be made to 
move the rod up and down so that It will strike each 
backet 



Horse Power of Blevaton) 

The tollovrlng formula allows 100 per cent, for friction 
and Is found to give very conaerratlve results; 

HXT 

Horsepower required for elevators = 

500 
where H=Iielght of lift In feet. 
T=:toiis per hour. 



Cable Feet Elevator Capacity 
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Ity of the buckets in cubic Inches and the speed of the ele- 
vator are known. The speed la etaown In the number of 
buckets that will pass a certain point in a minute. 



Attacbncnt lor CleBBlnc BUevato 



nom Cbait it bued oa baeketi tpaeed l( 



Mndcd.br tbe tabfa nt Styl* "A" snd sn fitaied 1 full. Pot ot 
""^'i„=^""°' burt.i. . 

.ui<,bl, o, .ny b-,.kn*' «JW»t f't-;^ „s „ 

e ot Baokct lor .^^ BpaeAa " 
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251— EXPANSION JOINT FOR PIPING 

Expansion of Steam Pipes 

The linear expansion and contraction of pipe, due to 
differences of temperature of the fluid carried and the 
surrounding air, must be cared for by suitable expansion 
joints or bends. 

In order to determine the amount of expansion or con- 
traction in a pipe line, we give below a table showing the 
increase in length of a pipe 100 feet long at various tem- 
peratures. 

EXPANSION OF PIPE 
INCREA8C IN LENGTH — INCHES PER 100 FEET 



Tcmpera- 

iwre, 
Degr««8F 


Steel 


Wrought Iron 


CMt Iron 


BruBand 
Copper 

















20 


15 


.15 


.10 


.26 


40 


.30 


.30 


.25 


.45 


60 


.45 


.45 


.40 


.65 


80 


.60 


.60. 


.65 


.90 


100 


.76 


.80 


.70 


1 15 


20 


.90 


.95 


.85 


1.40 


40 


1.10 


1.15 


1.00 


1.65 


60 


1.26 


1.35 . 


1.15 


1.90 


80 


1.46 


1.60 


1.80 


2.15 


200 


1.60 


1.06 


1.60 


2.40 


20 


1.80 


1.86 


1.66 


2.65 


40 


2.00 


2.05 


1.80 « 


2.90 


CO 


2.15 


2.20 


1.95 


3.15 


80 


2.36 


2.40 


2.15 


3.45 


300 


2.50 


2.60 


2.35 


8.75 


20 


2.70 


2.bO 


2.60 


4.06 


40 


2.90 


3.05 


2.70 


4.35 


60 


3.05 


3.25 


2.90 


4.65 


80 


3.25 


3.45 


8.10 


4.95 


400 


8.46 


3.65 


8.80 


5.25 


20 


3.70 


3.90 


3.50 


6.60 


40 


3.96 


4.20 


8.76 


6.95 


eo 


4.20 


4.46 


4.00 


6.30 


80 


4.46 


4.70 


4.25 


6.65 


600 


4.70 


4.90 


4.45 


7.05 


20 


4.96 


6.16 


4.70 


7.45 


40 


6.20 


6.40 


4.95 


7.85 


60 


5.45 


6.70 


6.20 


8.25 


80 


6.70 


6.00 


5.45 


8.85 


600 


6.00 


6.25 


6.70 


0.05 


20 


6.30 


6.65 


6.95 


9.50 


40 


6.55 


6.85 


6.25 


9.95 


GO 


6.00 


7.20 


6.66 


10.40 


80 


7.20 


7.60 


6.86 


10 95 


700 


7.80 


7.86 


7.li 


11.40 


20 


7.80 


8.20 


7.46 


11 90 


40 


8.20 


8.65 


7.80 


12 40 


60 


8.55 


^.fto 


8.16 


12 95 


80 


8.05 


9.80 


8.60 


13 50 


800 1 . 30 


9.76 


8.90 


14 10 



The expansion for any length of pipe may be found by 
taking the difference in increased length at the minimum 
and maximum temperatures, dividing by 100 and multi- 
plying by the length of the line under consideration. 

263— FIRE BRICK 

The following definitions are excerpts from the stand- 
ard definitions adopted by the American Society for 
Testing Materials for refractories made of fire clay. 

High Heat Duty Brick 

Clay Fire Brick 

(Silica content less than 70 per cent.) The softening 
point of clay fire brick for high heat duty shall not be 
lower than that of standard cone No. 31 (about 1685 deg. 
C, or 3065 deg. F.). 

When duplicate samples of clay fire brick for high 
heat duty are heated uniformly in a suitable furnace to 
a temperature of 1400 deg. C. (2552 deg. F.), main- 
tained at this temperature for 6 hours, and cooled, they 
shall not show a contraction of more than 1.5 per cent, 
of the original length nor an expansion of more than 
1 per cent. 

When a brick of this type softens at a temperature 
not below the softening point of standard cone No. 29 
(about 1650 deg. C, or 3002 deg. F.), it may be tested 
according to classification (B) for silicious clay fire brick 
without losing in standing if it passes the tests. 

Silicious Clay Fire Brick 

(Silica content 70 per cent, or over.) The softening 
point of silicious clay fire brick for high heat duty shall 
not be lower than that of standard cone No. 28 (about 
1635 deg. C, or 2975 deg. F.). 



All silicious clay fire brick for high heat duty shall be 
subjected to a load test in accordance with the require- 
ments of the Standard Test for Refractory Materials under 
Load at High Temperatures. (See statistical entry under 
Refractories.) The pressure to be applied upon the brick 
(placed on end) shall be 25 lb. per sq. in. and the maxi- 
mum furnace temperature 1350 deg. C. (2462 F.). The 
brick shall not show a contraction of more than 4 per 
cent, of the original length, nor an expansion of more 
than 1 per cent. 

When duplicate samples of silicious clay fire brick for 
high heat duty are heated uniformly in a suitable fur- 
nace to a temperature of 1400 deg. C. (2552 deg. F.), 
maintained at this temperature for 5 hours, and cooled, 
they shall not show a contraction of more than 1.5 per 
cent of the original length nor an expansion of more than 
1 per cent. 

Intermediate Heat Duty Brick 

The softening point of brick for intermediate heat duty 
shall not be lower than that of standard cone No. 28 
(about 1635 deg. C, or 2975 deg. F.). 

When duplicate samples of brick for intermediate heat 
duty are heated uniformly in a suitable furnace to a tem- 
perature of 1350 deg. C. (2462 deg. F.), maintained at 
this temperature for 5 hours, and cooled, they shall not 
show a contraction of more than 1.5 per cent, of the 
original length nor an expansion of more than 1 per cent. 

Moderate Heat Duty Brick 

The softening point of brick for moderate heat duty 
shall not be lower than that of standard cone No. 26 
(about 1600 deg. C, or 2912 deg. F.). 

When duplicate samples of brick for moderate heat 
duty are heated uniformly in a suitable furnace to a tem- 
perature of 1290 deg. C. (2354 deg. F.), maintained at this 
temperature for 5 hours, and cooled, they shall not show 
a contraction of more than 1.5 per cent, of the original 
length nor an expansion of more than 1 per cent. 

Low Heat Duty Brick 

The softening point of brick for low heat duty shall 
not be lower than that of standard cone No. 19 (about 
1510 deg. C, or 2750 deg. F.). 

Further tests and definitions will be found under the 
remaining entries of this item and also under Refractories, 
page 190. 

Softening Point 

The American Society for Testing Materials has adopted 
the following standard test for the softening point of 
fire clay brick: 

The object of this test is to determine the softening 
point of fire clay brick, by comparison of test cones with 
standard Orton pyrometric cones heated in a suitable 
furnace. 

A 1-kg. (2-lb.) sample shall be taken by chipping off 
approximately equal portions from the comers of the 




Flff. 1. 

brick. These fragments shall be reduced in size by means 
of rolls or a jaw crusher adjusted to pass a lump 6 mm. 
{\i in. ) in diameter. They shall be mixed thoroly, and 
the amount of material reduced to about 250 g. (.6 lb.) 
by quartering. A magnet shall be repeatedly passed thru 
the crushed material until all particles of metallic iron 
are removed. This portion shall be ground in a porcelain 
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or agate mortar to pass a GO-mesh Standard sieve (diame- 
ter of wire 0.185 mm., opening 0.25 mm.). In order to 
avoid excessive reduction of the fines, they shall be re- 
moved frequently during the process of reduction by 
throwing the sample on the sieve and continuing the 
grinding of the coarser particles until all the sample will 
pass thru the sieve. 

The sample thus prepared shall be thoroly mixed and 
after the addition of sufficient dextrine or glue and water, 
shall be formed into test cones in a metal mold in the 
shape of tetrahedrons measuring 5 mm. (^ in.) on the 
sides at the base and 25 mm. (1 in.) high. 

When dry the test cones may be subjected to a pre- 
liminary burn at a temperature not exceeding 1300 deg. 
C. (2372 deg. F.) for the purpose of sintering them into 
a firm condition to permit handling. 
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The test cones shall be mounted on plaques of refrac- 
tory material of such a composition as will not affect the 
fusibility of the cones. A mixture of equal parts of a 
highly refractory clay, such as a good grade of china 
clay, and fused alumina which will pass a 100-mesh sieve, 
has been found satisfactory. They shall be mounted with 
the base embedded approximately 1 mm. (0.04 in.) in 
the plaque and the face of one side inclined at an angle 
of 75 deg. with the horizontal. The arrangement with 
respect to the Orton cones shall be substantially as shown 
in Fig. 1 , that is, alternating with the Orton cones in such 
a way that Orton cones of successive numbers will be 
placed opposite each other. The plaque may be any con- 
venient size and shape and may be biscuited before using, 
if desired. 

The heating shall be done in a suitable furnace at a 
rate not greater than 15 deg. C. (27 deg. F.) per minute, 
nor less than 10 deg. C. (18 deg. F.) per minute after 
cone No. 1 is reached, or as nearly within these limits as 
possible. 

That type of furnace in which a neutral or oxidizing 
atmosphere may be maintained is to be preferred. Ex- 
cessive reducing conditions should be avoided. Care 
should be taken that the flame does not strike directly 
against the cone or cone plaque. The furnace should be 
tested at intervals for the determination of the uni- 
formity of the distribution of the heat. 

The softening of the cone will be indicated by the top 
bending over and assuming the position shown in Fig. 2. 
The bloating, squatting or unequal fusion of small con- 
stituent particles should always be reported. The soften- 
ing point shall be reported in terms of Orton cones and 
shall be that cone which most nearly corresponds in time 
of softening with the test cone. If the test cone softens 
later than one Orton cone but earlier than the next Orton 
cone and approximately midway between; the softening 
point shall be reported thus: Cone No. 31-32. 

If the test cone starts bending at an early cone but is 
not down until a later cone, the fact should be reported. 

Spalling Test 

The American Society for Testing Materials has sug- 
gested the following tentative method of test for resist- 
ance of fire clay brick to spalling action. 

The object of this test is to determine the resistance of 
high-duty fire clay brick to spalling action, by subjecting 
them to repeated rapid temperature changes. 

The sample shall consist of at least five standard 9-in. 
brick or of five shapes, which may be cut to standard 
size with a grinding wheel. 

Test specimens of shapes such as boiler arch brick 
shall be cut to the standard 9-in. size. For this purpose 
a "cut-off" wheel is recommended. 

The test specimens shall be marked for identification 
and then subjected to a preliminary heat treatment by 
heating them uniformly in a suitable furnace to a tem- 
perature of 1400 deg. C. (2552 deg. F.), maintaining this 



temperature for five hours, and then allowing them to 
cool. 

The specimens shall be weighed and placed in a door 
of a furnace operated at 1350 deg. C. (2462 deg. F.), 
care being taken to prevent the direct heating of more 
than the 2^^ by 4^ -in. end. After one hour the speci- 
men shall be withdrawn from the furnace and stood on 
end in a tank of fiowing cold water from 10 to 21 deg. 
C. (50 to 70 deg. F.) so that the hot end of the brick will 
be immersed to a depth of 4 in. After three minutes the 
sample shall be withdrawn from the water, allowed to 
steam five minutes and then returned to the furnace. 
The door of the furnace shall be closed while the brick 
are out to prevent the lowering of the temperature. The 
alternate heating and cooling shall be continued in hourly 
cycles until the end of the brick spalls off. 

When pieces begin to fall off, the sample is laid on a 
4.5 by 9.0-ln. asbestos board, divided into one hundred 
equal squares, and the approximate percentage of loss 
estimated after each removal from the water. After the 
completion of the test, the brick Is again weighed and tjie 
percentage of loss determined. 

As an alternate for water dipping, air cooling may be 
used. This method should be used where the spalling is 
too rapid to get comparative results by the water dip- 
ping method. In this case the hot end of the brick shall 
be placed facing the air blast, 4 in. from the end of a 
2-in. pipe from a %-h. p. blower, delivering between 28 
and 30 cu. ft, of air per minute. 

The report shall show the number of dips before loss 
started, the percentage of loss after each cooling, the 
total number of dips and the final percentage of loss by 
weight. 

The Effect of Slag on Fire Clay Brick 

The work here presented was carried out for the pur- 
pose of determining the action of various slags at differ- 
ent temperatures on several standard brands of fire brick. 

The general plan was to secure brick of recognized 
quality and to test the action of several slags upon them 
at different temperatures. The method used for deter- 
mining this action was essentially the same as is used by 
the Carnegie Steel Co. At that laboratory a brick is 

Table I. Influence of Time and Quantity of Slag Used Upou 
Results Secured from Slag Tests 

P^ietration of 35 grams of slag in two hours 64 

Penetration of 35 grams of slag in four hoiu*8 68 

Penetration of 35 grams of slag in six hours 64 

Penetration of 105 grams of slag in two hours 76 

Penetration of 105 grams of slag in four hours 72 



heated to a definite temperature and 35 grams of slag 
are placed in a cavity at that temperature and are allowed 
to act for two hours. 

Before adopting this method certain points were 
checked pertaining chlefiy to the infiuence of the time of 

Table 11. Analyses and Fusion Points of Slag Tests - 



Slag 



Silica 

Alumina 

Iron 

Lime 

Magnesia .... 
Manganese . . . 

Sulphur 

Phosphorus. . . 

Copper 

Zinc 

Melting 
point 







Basic 


Acid 




Blast 


Heating 


Open 


Open 


Zinc 


Furnace 


Furnace 


Hearth 


Hearth 




37.32 


34.16 


18.42 


46.48 


34.30 


13.21 


6.13 


3.85 


5.46 


14.74 


1.62 


43.60 


14.55 


29.30 


21.00 


42.20 


1.30 


44.10 


2.16 


2.33 


2.35 


.65 


6.32 


.00 


7.07 


1.11 


.55 


5.09 


9.08 


6.77 


1.20 


.27 


.42 


.38 


5.88 


.00 


.02 


.58 


.00 


.02 


.00 


.00 


.00 


.00 


1.28 


.00 


.00 


.00 


.00 


8.20 


1220 


1050 


1275 


1400 


1025 


deg. C. 


deg. C. 


deg. C. 


deg. C. 


deg. C. 



Copper 



28.20 

2.20 

2.10 

2.51 

2.14 

.00 

.14 

.24 

58.21 

.00 

1020 
deg. C. 
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action, and the quantity of slag used, upon the results 
secured. Tests were made in which the time and slag 
were trebled, but this procedure failed to produce a more 
pronounced action upon the cavity in the brick. In re- 
porting the results, the total cross-section of the slag 
saturate^ ^^^ea was first measured by means of a plani- 
meter. *^ j^yea of the original cavity was then sub- 
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tracted from this. The difference represented the area 
of the section which had been penetrated by the slag. 
This area when divided by the linear surface of contact 
gave a value which represented the square inches of pene- 
tration per inch of contact. 

Tests Showing Influence of Temperature of Blag Upon Life 

of Fire Brick 

The results given in Table I confirmed those reported by 
Nesbitt and Bell and lead to the same conclusions, that is, 
when a brick having a cavity 2% inches in diameter is 
treated with 35 grams of slag and it is allowed to react 
for two hours satisfactory results are obtained. In the 
preceding work 35 grams of slag reacting for two hours 
resulted in a penetration value of 0.64. When the severity 
of this test was increased 600 per cent., the penetration 
factor increased but 12.5 per cent. 

In view of this preliminary work, the following definite 
method of procedure was adopted. The test brick, each 
having two cavities 2% inches in diameter by ^ inch in 
depth, were heated slowly to the temperature at which the 
test was to be made. This temperature was held for 1% 
hours. Thirty-five grams of slag were then introduced and 
were allowed to react at this temperature for 2 hours. The 
brick were then allowed to cool, were cut thru the center 
of the cavities, and the penetration was noted in the 
manner previously described. 

Six slags, which were secured from the Carnegie Steel 
Co.'s laboratory, were used during the tests. Their analyses 
and fusion points are given in Table II. The three brick 
used are designated by A, B, and C. 

By following the method already described and varying 
the brick, the slag and the temperature, one at a time, the 
average results shown in Tables III, IV, V, VI, VII and 
VIII were secured. 

In each case the slag penetrated more deeply into the 
brick at higher temperatures. In several cases an increase 
of 100 deg. C. or less than 10 per cent, resulted in nearly 
doubling the penetration. 

Table m. Penetration of Heating Furnace Slag, Melting 
Point 1,060 I>eg. G. 



Brick 



Type A 
TypeB 
TypeC 



Temperature of Test 



1150 
degree C. 



.04 
.02 
.07 



1250 


1350 


degree C. 


degree C. 


.09 


.15 


.05 


.11 


.10 


.24 



1450 
degree C. 



.34 

.79 
.78 



Table IV. Penetration of Blast Furnace Slag, Melting 
Point 1,220 Deg. C. 



Rriolr 


Temperature of Teat 


DnCK 


1250 degree C. 


1350 degree C. 


1450 degree C. 


TypeA 

TypeB 

TypeC 


.03 
.00 

.07 


.08 
.11 
.12 


.14 
.17 
.17 



Table V. Penetration of Zinc Slag, Melting Point 1,025 
Deg. O. 



Brick 



TypeA 
TypeB 
TypeC 



Temperature of Te«t 



1150 
degree C. 



.03 

.04 
.05 



1250 
degree C. 



13 
,16 
,24 



1350 
degree C. 



.28 
.29 
.33 



1450 
degree C. 



.19 
.32 
.43 



Table VI. Penetration of Basic Open-Hearth Slag, Melting 
Point 1,275 Deg. G. 



Brick 


Temperature of Teat 




1350 degree C. 


1450 degree C. 


TypeA 

Type B 

TypeC 


.68 
.29 
.44 


.73 
.33 

.55 



Table VII. Penetration of Acid Open-Hearth Slag, Melting 
Point 1,400 Deg. C, at 1,450 Deg. G. 



Brick 



TypeA 
TypeB 
TypeC 



Penetration 



.24 
.33 

.67 



Table Vm. Penetration of Copper Slag, Melting Point 
1,020 Deg. C. 



Rrinir 


Temperature of Test 




1150 degree C. 


1250 degree C. 


TypeA 


.46 
.36 

.52 


.65 


Type B 


.57 


Type C 


.62 


J Mr*' ^^ 





272— FLUE GAS ANALYSIS APPARATUS 

Air contains 21 per cent, oxygen and 79 per cent, 
nitrogen by volume. When Just the exact theoretically 
required amount of air is used for burning pure carbon 
the volume of carbon dioxide produced will be equal to 
the volume of oxygen used and the resultant gases will 
consist of 21 per cent, carbon dioxide and 79 per cent, 
nitrogen. If an excess of air is supplied, the products of 
combustion will be greater in volume by the amount of 
excess air and will contain the excess of oxygen. The 
proportion of carbon dioxide will be decreased in propor- 
tion to the excess air supplied and the composition of 
the gases will be 79 per cent, nitrogen and 21 per cent, 
carbon dioxide and oxygen combined. If the amount of 
excess air is 100 per cent., that is, equal to the amount 
theoretically required, the products of combustion will 
contain 10.5 per cent, carbon dioxide, 10.5 per cent, oxygen 
and 79 per cent, nitrogen but the total volume of the 
products will be twice as great as in the case of only the 
theoretically required amount of air. 
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By the Use of This Chart, You Can Determine the Percentage 

of Your Fuel Loss Due to 4n Excess of Carbon 

Monoxide in the Fius Gases 

Bituminous coal is the most commonly used fuel in the 
firing of kilns. The combustible constituents are carbon, 
hydrogen and sulphur. These combine with the oxygen of 
the air to form carbon dioxide, steam and sulphur dioxide. 
The products of combustion in ordinary practice will con- 
tain these three gases together with some excess oxygen 
and nitrogen from the air supplied. In the analysis of the 
fine gases only carbon dioxide (including the sulphur 
dioxide), oxygen and nitrogen will appear. The propor- 
tions of these will vary with the amount of excess air sup- 
plied for the combustion and this will also determine the 
quantity of the flue gases. 

As an illustration, consider the combustion of a bitumi- 
nous coal having the analysis — carbon, 60 per cent.; 
hydrogen, 4 per cent.; oxygen, 6 per cent.; nitrogen, 2 
per cent. ; sulphur, 4 per cent. ; ash, 1 per cent. ; moisture, 
14 per cent, by weight. This may be considered as fairly 
representative of middle western coals of this type. Con- 
sidering only the carbon content of this coal, the con- 
sumption per pound theoretically would require 108.3 
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cu. ft. of dry air, measured at 70 deg. F. and 30 inches 
barometric pressure. Theoretically perfect combustion 
would produce 19.4 cu. ft. of carbon dioxide (assuming 
one-half the sulphur is burned), and 85.8 cu. ft. of nitro- 
gen, all measured at the same temperatur-e and pressure. 
A gas analysis (dry gases) would show 18.6 per cent, 
carbon dioxide and 81.4 per cent, nitrogen. (It is to be 
noted that the proportion of carbon dioxide in the flue 
gases from such a fuel is less than that obtained in burn- 
ing pure carbon.) 

The percentage of excess air when burning bituminous 
coal equals 

100 

lOOx — 1 

S.Sxpei* cent, of carbon dioxide 

It should not be expected that combustion can be main- 
tained with Just the theoretically required amount of air 
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Chart ShowlnflT Total Poanlble liOaa in Coal When Value of 

CO3 ia Known 

supplied. In all furnaces it is necessary to admit a certain 
amount of excess air to insure thoro combustion of the fuel. 
In general, the amount of this necessary excess ranges 
from 50 to 100 per cent, altho under exceptional conditions 
somewhat less may be safely used. For efficient combus- 
tion we may expect to have 9 to 1 3 per cent, carbon dioxide 
in the flue gases. A less amount indicates too great an 
excess of air while more than 13 per cent, may be accom- 
panied by some carbon monoxide and a tendency to re- 
ducing conditions. 

l^'nel Iiosses Due to Carbon Monoxide 

To explain the operation of the first chart we will take 
as an example a coal that contains 70 per cent, of carbon, 
the flue gases of which contain ten per cent, carbon dioxide 
(CO) and one per cent, carbon monoxide (CO). The heat 
value of the coal is 12,000 B.t.u.'s per pound. In deter- 



mining the fuel losses in this case, a line is run from 
column "A" at seventy, thru column "B" at eleven (the 
sum of the percentages of COa and CO), and continued 
until it intersects the line "C." From the point of inter- 

Tablc I. 
Behavior of the Elements That Effect the Composition of 

the Fine Gases 



Name of the 
Element 


Chemical 
Symbol of 

the 
Element 


What Takes 

Place in the 

Furnace 


Combines 

with Oxy- 

een to 

Form 


Proportion 

of Oxygen 

Required to 

Bum 


Pounds of 
Air Required 

to Bum 
One Pound 


Resultant 
Hea4 From 

Complete 

Combustion 

of One Pound 


Carbon. . . 
Hydrogen 
Oxygen. . . 


C 
H 


N 

S 


bums 
bums 

does not 
bum 

does not 
bum 
bums 


CO, 

H20 


2.66 
8.0 

• 


11.67 
34.80 


14,000 
62,000 


Nitrogen . 










Sulphur . . 


so, 


16 


4.35 


4,060 



section, run the line thru the percentage of CO as shown 
in column "D," and strike a point on column "E." From 
this point draw the line thru the heat value of the coal 
as shown in column ''F" which, in this case, amounts to 
12,000 B.t.u.'s a pound, and the intersection with the 

Table II. 
Cooling Effects of Various Percentages of Excess Air 











Relative 










boiler ca- 










pacity, as- 










suming 40% 




L1O88 of temper- 


excess air 




Theoretical 


ature due 


Loss 


as normal 




temperature 


to excess 


expressed 


attainable 


Percentage 


of combustion 


of air 


in terms of 


practice 


excess air 


deg. Fahr 


deg. Fahr. 


percentage 


^r 100 
% 





6132 








10 


4710 


422 


8.2 




20 


4362 


780 


16.2 




30 


4044 


1088 


21.2 




40 


8777 


1355 


26.4 


100 


60 


3643 


1589 


31.0 


98.5 


60 


3336 


1796 


35.0 


88.2 


70 


3163 


1979 


88.6 


88.0 


80 


2988 


2144 


41.4 


78.6 


90 


2840 


2292 


46.7 


740^ 


100 


2706 


2927 


47.3 


70 


126 


2419 


2713 


62.9 


68 


160 


2188 


2944 


67.4 


66.6 


176 


1997 


3135 


61.1 


61.6 


200 


1837 


3296 


M.2 


47.0 



column "G" gives the percentage of fuel loss. Under the 
conditions outlined here, a fuel loss of 5.4 per cent, would 
be suffered. The method of using the chart is extremely 
simple for the line is carried directly across from left to 
right. 

Table III. 

Percentages of Losses in Calorific Value of the Coal as 

Fired Due to Various Causes 

Excel- 
Heat absorbed and Highest lent 

losses itemized. attainable prac- 

efficiency tice 

Heat absorbeol by bofler Z... 89.86 lO 

Loss due to free moisture on 

coal '. 0.50 0.5 

Loss due to hydrogen ip coal 

(evaponition of H9O) 4.20 4 20 

Loss due to heat in dry flue 

gases 5.33 10.0 

Loss due to carbon monoxide.... 0.00 2 

Loss due to combustible in ash 

and refuse 00 1.5 

Loss due to heating moisture 

in air - oil 2 

Loss due to unconsumed hydro- 
gen, hydrocarbon, radiation 

and unaccounted for 0.00 3.4 

Calorific value of coal 100% 100% 



The range of the chart is wide enough to take care of 
nearly every condition of flue gases. Should the inter- 
section with column "C" or "E" fall outside of the chart 
it is only necessary to extend the lines and proceed with 
the prol)iein. ^ little study given to the chart and the 
solutioi^ » ^ few original problems will soon show that 
the Pev'c^ *oee of CO should be as low as possible and 
that tVv ^rT content should be as high as possible. 

ThW^ C^ «ft based on the following method: the per- 



Good 


Aver- 
age 


Poor 


prac- 
tice 


prac- 
tice 


prac- 
tice 


7d".0 


* 65.0 


60.0 


0.6 


0.6 


0.7 


4.30 


•4.3 


4.4 


13.0 
0.3 


17.5 
0.5 


20.0 
1.0 


24 


4.3 


5.5 


0.2 


0.3 


0.4 


4.2 

100% 


7.3 
100% 


8.0 
100% 



171 



cent^i^ ^Vv9bT^ ^bot^^^ ^^® ^^^^ ^* divided by the sum of the 
nV 
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percentages CO^ and CO. This result is multiplied by the 
percentage of CO, divided by the heat units of the coal 
per pound and multiplied by 10,150. 

The second chart shows the total possible loss in the 
second column when the total cost of fuel for thd year 
and the percentage of COa is known. It is principally a 
good evidence of the possible saving when COs is kept as 
low as possible. 

278— FOUNDATIONS 

Bearing Power of Soils 

Bearing power in tons per 
square foot 

Minixnuxn Maximum 

Rock — the hardest in thick layers, in 

native bed 200 

Rock equal to best dressed stone masonry 25 

Rock equal to best brick masonry 15 

Rock equal to poor brick masonry 

Clay on thick beds, always dry 

Clay on thick beds, moderately dry 

Clay, soft 

Gravel and coarse sand, well cenmntad. . . 

Sand, compact, and well cemented 

Sand, clean, dry 

Quicksand, alluvial soil, etc 

A good method of laying out the comers of a building 
without the use of an instrument is as follows: Set a 
stake M where it is desired one comer of the 
^^ building shall be located. From this stake 

Pi ^ stretch a string to another stake N set at a 
position and distance corresponding to the de- 
sired location of another corner of the same 
side of the same foundation. From this second 
stake N stretch a string to a third stake O set 
at a distance and approximate location for 
another adjoining comer of the foundation. 
Before driving the third stake, however, it is 
necessary to square the corner at the second 
stake. This can be done by measuring a distance 
of 8 feet from the center of the second stake 
towards the first stake and placing a pin at 
that point of the string and likewise 
a distance of 6 feet from the center 
of the second stake towards the third 
stake and placing a pin at that point 
in the string. The third stake is 
then driven at the point where 
the distance between the pins is 



5 


30 


5 


20 


5 


10 


4 


6 


2 


4 


1 


2 


8 


10 


4 


6 


2 


4 


0.5 


1 




H V —w - 



O 



Method of littylnff Out a Square Corner 



10 feet when both strings are in a straight line. Other 
corners are located in the same way. 

A check on any foundation can be made by measuring 
the distances from opposite corners of any rectangle as 
shown in the sketch. If the corners are square the 



A 



''^^ «^: 



D 



B 



J 



C 



Method of Checklav a Foundation for Square Comers 

distance AC will be equal to the distance BD, when AB 
equals CD and BC equals AD. 

Stack Foundations 

The Philadelphia Engineering Works gives the follow- 
ing data on foundations for self-sustaining steel stacks, 
half-lined: 



Height 

Least diameter of 
foundation 

Least depth of foun- 
dation 

Height 

Least diameter of 
foundation 

Least depth of foun- 
dation 



CLEAR DIAMETER, IN FEET 



3 



Ft. In. 



100... 
15 9 



6 



Ft. In. 



100... 
15 3 



7.. 



125... 

17 6 

7 6 



Ft. In. 



150... 
20 4 



9 



200... 
23 8 



10... 



6 



Ft. In. 



150... 
21 10 



8. 



200... 
25... 



10.. 



Ft. In. 



150... 
22 7 



9. 



250... 
29 8 



12. 



8 



Ft. In. 



175... 
25 9 



10. 



275... 
33 6 



12.. 



9 



Ft. In. 



225... 
29 11 



13.. 



300... 
36 6 



14... 



See also (statistical entries) Concrete and Kilns, down 
draft, design and construction. 

281— FRIT 

The following frits (melted and reground glazes) are 
stated by E. Berdell to be non-poisonous, altho they con- 
tain a good percentage of lead. 



0.10 Na,0 ] 
0.1£ K,0 
0.75 PbO 


• 

0.16 AltOs 


/2.60 SiOt 
10.40 BtO, 


\ 




0.30 Na,0 ^ 
0.20 K,0 
0.60 PbO ^ 


0.15 AltO, 


r2.66 SiO, 
10.46 B,0, 


Glazes melt at 
cone 022 to 020 




0.20 Na,0 \ 
0.30 K,0 } 
0.60 PbO ^ 


0.15 AltO, 


12.65 SiO, 
\0.46 B,Oi 


i 




0.15 NatO ] 
0.16 K,0 ^ 
0.60 PbO 
0.10 BaO 

0.16 NatO ] 
0.15 K,0 ^ 
0.60 PbO ' 
0.10 BaO 


0.16 AltOs 
0.16 AltO, 


/2.46 SiO, 
10.46 BtO, 

/2.46 SiO, 
\0.60 B,0, 


Glazes melt at 
cone 020 to 018 




0.10 Na,0 1 
0.15 KtO I 
0.66 PbO 
0.10 BaO ^ 


0.16 AltOt 


/2.60 SiO, 
\0.40 BtOs 


) 




0.8 PbO \ 
0.2 BaO / 

0.9 PbO \ 
0.1 BaO / 


0.16 AltO, 
0.16 AljO, 


/2.60 SiO, 
\0.40 B,0, 

/2.60 SiO, 
\0.40 B,0, 


Glazes melt at cone 


016 


0.85 Pb ] 
0.16 BaO / 

0.9 PbO \ 
0.1 BaO / 


0.15 AltO, 
0.16 A1,0, 


/3. 06 SiO, 
\0.40B,O, 

/3. 06 SiO, 
10.40 B,0, 


< 
Glazes melt at cone 


06 



286— FUELS, COMPARISON OF 

Formnlas for Fael Comparison 

Aside from any difference in the labor used, in the 
turnover of equipment or in the investment — taking into 
account only the heat values of two fuels use the follow- 
ing formulas: 

A 

For coal =0 

2,000 B 
D 

For fuel oil =H 

E F G 
in which 

A=Co8t of coal delivered at the point of use. 
B=B.t.u. per pound for the coal under consideration. 
C= Average cost of each B.t.u. in the coal. 
D=:cost of a barrel of fuel oil delivered at the point of use. 
E=B.t.u. per pound of oil. 
F=Number of pounds of oil to the gallon. 
G=Number of gallons to a barrel. 
H=Average cost of each B.t.u. in the oil. 



172 



CLAT PRODUCTS CYCLOPEDIA 



Take a coal costing $4.50 per ton with 12,500 B.t.u. per 
pound, and compare with oil costing $1.10 per barrel of 
42 gallons, haying a heat value of 21,000 B.t.u. per pound 
and weighing 7.7 pounds per gallon. The formulas become 



14.50 



2,000X12,500=25,000,000 
Cost of one B.t.u. from coal. 

$1.10 



—0.000,000,18 



=0.000,000,162 



21,000x7.7x42=6,791,400 
Cost of one B.t.u. from oil. 

In comparing the costs for any two fuels the costs of 
operation and the investment must be taken into account, 
in addition to the difference in fuel value as shown above. 



Amoiints of Different Fuels for fjqual Heat Units 
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1. 


12. 
2000. 


144 

24000 

1000 


230 
38400 
1600 
1000 


986 

164000 

6850 

4280 

1000 


1035 
173000 
7180 
4500 
1055 
1000 


144000 


167. 


24000000 


6.95 


83.5 
52.1 
12.2 
11.6 


1000000 


4.34 


625 
146 
139 


625000 


1.02 


235 
222 


146000 


.97 


953 


139000 









Figured on a basis of — 

Coal, 12,000 BTU per pound. 

Oil, 14,400 BTU per gallon. 

Natural Oas, 1,000 BTU per cu. ft. 

Coal Gas, 625 BTU per cu. ft. 

Bit. Producer Gas, 146 BTU per cu. ft. 

Anthra. Prod. Gas, 139 BTU per cu. ft. 

If your coal, oil or gas has a different value, the 
corresponding amount from the table can be figured by a 
simple proportion. 



Table of B.t.n.*s That One Dollar Will Bny 



Fuel 


Basis 


B.T.U. 


Bituminous Coal . . . 


13,500 B.T.U. per Lb 

2,000 Lb. @ $4.00. 


6,750,000 


Anthracite Coal 


13,500 B.T.U. per Lb 

2,000 Lb. @ $8.00. 


3,375,000 


SeaAoned Hardwood 


4,000 B.T.U. per Lb 

$8.00 per 4-Ft. Cord. 


2,700,000 


Natural Gas 


1,000 B.T.U. per Cu. Ft 

$0.30 per 1,000 Cu. Ft. 


3,333,000 


City Gas 


600 B.T.U. per Cu. Ft 

$1.00 per 1,000 Cu. Ft. 


600,000 




Crude OH 


19,000 B.T.U. per Lb 

$4.00 per Bbl. 


1,615,000 




Electricity 


8 cents per Kw.-Hj 


4,266 
34.128 




1 cent oer Kw.-Hr 


Alcohol 


96% volume, $1.00 per Gal. 
(6.58 Lbs.) 


78,302 







285— FUEL OIL 

Dato on Fuel Oil 

The table attached gives the specific gravity correspond- 
ing to each degree of Baume Hydrometer, also the number 
of pounds, contained in one United States gallon at 60 
deg. F. 





Specific 


In One 




Specific 


In One 


Baum6 


Gravity 


GaUon 


Baumi 


Gravity 


Gallon 


Degree 


Degree 
1.0000 


Pounds 


Degree 


Degree 
0.8092 


Pounds 


10 


8.33 


43 


b.74 


11 


0.9929 


8.27 


44 


0.8045 


6.70 


12 


0.9859 


8.21 


45 


0.8000 


6.66 


13 


0.9790 


8.16 


46 


0.7954 


6.63 


14 


0.9722 


8.10 


47 


0.7909 


6.59 


15 


0.9655 


8.04 


48 


0.7865 


6.55 


16 


0.9589 


7.99 


49 


0.7821 


6.52 


17 


0.9523 


7.93 


50 


0.7777 


6.48 


18 


0.9459 


7.88 


51 


0.7734 


6.44 


19 


0.9395 


7.83 


52 


0.7692 


6.41 


20 


0.9333 


7.78 


53 


0.7650 


6.37 


21 


0.9271 


7.72 


54 


0.7608 


6.34 


22 


0.9210 


7.67 


55 


0.7567 


6.30 


23 


0.9150 


7.62 


56 


0.7526 


6.27 


24 


0.9090 


7.57 


57 


0.7486 


6.24 


25 


0.9032 


7.53 


58 


0.7446 


6.20 


26 


0.8974 


7.48 


59 


0.7407 


6.17 


27 


0.8917 


7.43 


60 


0.7368 


6.14 


28 


0.8860 


7.38 


61 


0.7329 


6.11 


29 


0.8805 


7.34 


62 


0.7290 


6.07 


30 


0.8750 


7.29 


63 


0.7253 


6.04 


31 


0.8695 


7.24 


64 


0.7216 


6.01 


32 


0.8641 


7.20 


65 


0.7179 


5.98 


33 


0.8588 


7.15 


66 


0.7142 


5.95 


34 


0.8536 


7.11 


67 


0.7106 


5.92 


35 


0.8484 


7.07 


68 


0.7070 


5.89 


36 


0.8433 


7.03 


69 


0.7035 


5.86 


37 


0.8383 


6.98 


70 


0.7000 


5.83 


38 


0.8333 


6.94 


75 


0.6829 


5.69 


39 


0.8284 


6.90 


80 


0.6666 


5.55 


40 


0.8235 


6.86 


85 


0.6511 


5.42 


41 


0.8187 


6.82 


90 


0.6363 


5.30 


42 


0.8139 


6.78 


95 


0.6222 


5.18 



297— GAS PRODUCERS 

The gasification of the carbon in the coal is generally 
assumed to occur in such a way that it first burns to 
carbon dioxide, CO». This CO« is then reduced to carbon 
monoxide, CO, by combining with more carbon. This CO 
forms the most important constituent of the producer gas. 
The reduction of CO« to CO is complete at a temperature 
of not less than about 1,850 deg. P., which latter must be 
generated by the preceding combustion of carbon to carbon 
dioxide. If the temperature in the lowest or reaction zone 
of the producer drops, for reasons which will be shown 
later, below 1,850 deg., a part of the COa remains un- 
reduced and this amount of unchanged COa increases with 
the decrease in temperature, until at about 900 deg. F. 
the reduction of COa to CO ceases entirely and the gas 
does not contain any CO at all. 

The temperature in the reaction zone will infiuence the 
temperature of the escaping gases: the higher the former, 
the higher will be the latter. The temperature of the 
escaping gases could, therefore, be used as a criterion 
for the working of the producer, if the temperature in 
the reaction zone were alone responsible for it. But there 
may occur conditions on the top of the producer which 
influence the temperature of the escaping gas to a certain 
degree and this actually happens when part or all of the 
heavy hydrocarbons burn on top of the fuel bed, thus in- 
creasing the final temperature considerably. This com- 
bustion is either due to too thin a fuel bed or to the 
forming of channels in the fuel bed. In both cases, air 
will come in contact with the hydrocarbons, causing their 
combustion. Such a condition is not normal; yet it may 
happen and pass by unnoticed and, for this reason, the 
temperature of the gas leaving the producer should not 
be used for investigating the correct working of this ap- 
paratus. 
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If the gas contains a high percentage o£ CO», the pro- 
ducer is working cold. According to the statement made 
before, the reduction of CO« to CO is complete only at a 
temperature of about 1,850 deg. F. Below about 900 
deg. P. no reduction takes place at all. The more, there- 
fore, the temperature in the reaction zone approaches the 
higher or lower figure, the smaller or larger must be the 
amount of COa in the gas. If we consider that a high 
percentage of CO» means a waste of fuel, because CO« is 
an inert gas, we see that the COi-content in the gas should 
be kept as low as possible. 

Cold running of the producer is caused by blowing too 
much steam. In order to obtain a gas high in CO, the 
amount of steam entering the producer should be reg- 
ulated carefully. If, however, the quantity of steam blown 
falls below a certain limit, clinkering will result, which 
makes difficult the removal of the ashes and may even 
force the producer to be shut down. The amount of steam 
to be used should therefore be determined and then kept 
as constant as possible for the coal to be gasified and also 
for the respective working conditions. 

The objection may be made that the combustion of the 
heavy hydrocarbons on top of the fuel bed may infiuence 
the COs-content of the producer gas, since these hydro- 
carbons, when burning, form HaO and COl This is true. 
But when we consider that the total quantity of these 
gases, originally present in the producer gas, amounts to 
only a few per cent., we may easily see that the combus- 
tion of a small part of them will not alter the CO«-content 
to such an extent that the latter could not be used as a 
criterion. It really does not matter if there be 11 or 12 
per cent. CO* in the gas; both values show a cold producer. 

A small amount of Hi in the gas indicates that no 
steam is dissociated and that the gas is wet. The H>- 
content gives another means for judging the steam dis- 
sociation. We have, however, always to keep in mind that 
we are dealing with average working conditions. 

Table No. 1. 
Ck>inpari8on of Differeiit Prodncer-gas Analysis 

% Vol. 1 2 3 4 5 

CO« 9.84 5.47 4.0 4.78 7.30 

Oi 04 .08 .02 

CsH 18 .58 .3 . .41 .53 

CO 18.28 24.29 9.8 11.32 19.20 

H» 12.90 14.62 6.4 8.60 6.37 

CH 3.12 3.41 1.2 2.00 3.10 

Ni 55.64 51.55 78.3 72.87 63.50 

Comparison 

A comparative burn was made a few years ago using the 
same coal in a direct fired and in a producer gas fired kiln. 
The coal analyzed: 

Carbon 53.17 per cent. 

Sulphur 2.0 per cent. 

Water 14.65 per cent. 

Hydrogen 4.47 per cent. 

Oxygen plus hydrogen 16.19 per cent. 

Ash 8.40 per cent. 

The composition of the gas resulting from the use of 
this coal in the producer was 

COi=2.2 per cent. 00=33.0 per cent. 

CH«=2.6 per cent. H =13.9 per cent. 

O =0.0 per cent. N =48.3 per cent. 

The length of the burn was twenty-three hours when 
fired by either gas or coal. At the end of six hours the 
temperature attained in hand firing amounted to 490 deg. 
C, while with gas firing it amounted to 745 deg. C. In 
gas firing the final temperature was reached three hours 
sooner than by hand firing. The bum was carried to 
cone 13 and three to four per cent, of carbon monoxide 
was carried in the gases during high fire*. 

The relative efficiency is shown by the number of heat 
units used in the two methods of firing: 

Firing by hand 66,756,714 calories 

Firing with producer gas 53,760,000 calories 

Difference 12,996,714 calories 

Nagel gives the following as the volume composition 
of producer gas with varying steam: 



Variations in Excess of Steam 

Moderate Great Maximum 

COa 5.30 per cent. 8.90 per cent. 15.00 per cent. 

CO 23.50 per cent. 16.40 per cent. 11.50 per cent. 

CH« 3.30 per cent. 2.55 per cent. 1.90 per cent. 

H 13.14 per cent. 18.60 per cent. 24.60 per cent. 

Heat value 

percu. ft. .151B.T.U. .135 B.T.U. 

Tem- 
perature .1,472 deg. F. 1,292 deg. F. 



per cent. 
.129 B.T.U. 
932 deg. F. 



301— GEAR 



Instmctions for Meshing 

For gears having cast teeth, the clearance equals 1/10 
the pitch and for gears having cut teeth, the clearance is 
1/20 the pitch. 

The pitch is the distance from center to center of teeth 
at the pitch line. See illustration. 

A — pitch line. 

B — clearance line. 

C — pitch. 

D — clearance 

E — center line thru bearings. 

For cast teeth D=l/10 C. 

For cut teeth D=l/20 C. 




Proper Meak of Gear Teetk 

In locating the shafts so as to obtain the correct center 
distances for the gears, first obtain dimension C and find 
a piece or strip of sheet metal equal to 1/10 C for gears 
with cast teeth or 1/20 C for gears with cut teeth and trim 
it to a width which will permit it to go between the teeth 
freely and bear on the rim. 

This strip answers for a spacer when center of tooth 
and corresponding space are on a center line drawn thru 
the two bearings and when used in this way, will insure 
correct mesh for the gears. 

Makers of heavy machinery are often severely criticised 
because of improper meshing of the gears. In many cases 
the trouble is caused by one of two things, either the 
shaft has become bent, or the boxes need babbitting. To 
delay rebabbitting or straightening the shaft will cause 
excessive wear on the teeth and ultimately break them. 
Heavy gears are expensive enough to warrant every care 
being taken to protect them against such a useless strain. 

Maxlmnm Speeds 

Kent gives the following as the maximum peripheral 
speeds in feet per minute at which the various types of 
gears should be operated: Ordinary cast iron gears, 1,800; 
helical, 2,400; mortise, 2,400; ordinary cast steel wheels. 
2,600; cast steel helical, 3,000; special cast iron machine 
cut wheels, 3,000. To avoid great noise gears of all metal 
should not be run faster than 1,200 feet per minute. 

The distance center to center of shafts on which are 
placed two gears in proper mesh is equal to one-half the 
sum of the pitch diameters of the two gears. 

Horse Power and Working Loads of Cnt Cast Iron and Cat 
Steel Gears 

The figures in the columns headed W.L. give the work- 
ing load or number of pounds of power-transmitting strain 
which can safely be brought on each inch width of tooth 
of a gear or pinion of the specified material and of the 
size indicated at the left of the table, when it is running 
at the speed listed at the top. 

The figures in the columns headed H.P. give the horse 
powers transmitted at the speed named. 

In every case multiply these figures given by the width 
of the working face of the gear under consideration. The 
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feet tier minute at tbe pitch line equals tlie pitch diameter 
In inches mnltlpUed by the revolutions per minute and 
br 0.2618. 

Workliig Loads and Horse Power ot Cut Cast Iron Gears 



(W- 




N.o. 


SPEED OF PrrCH LINE-F. p., mi™., 1 
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WorUng Jioads and Horse Power ot Cat Steel Clears 



Let P eauBl the diameter pitch 
P* equal the circular pitch 
D equal the outside diameter 
D' equal tbe pitch diameter 
N equal tbe number of teeth 
S equal the addendum 
f equal tbe clearance 
t equal the thickness of tooth 

3.1418 D' D 



P 0.3183N 0.3IS3 (H+2) 

ND N ND 

-NP'xO.3183- -D-(P'i0.6366)-N8— -D 

N+2 P N+2 

3.1416 N N+2 

P" D' D 

N 
-(N + 2) P'x0.3183=D' + (P'x0.eS06)-8 (N + 2)— 

2 N+2 



f -P' 


0.05'- 


p' 

2 


1.5708 
P 


AIM the 


root- B 



S + r-P'r 0.3683- 

P 

Working depth-2 S-V x 0.0366 
Whole depth-2 S + r-F X 0.8666 

Tbe diametrical pltcb Is the nnmber ot teeth to each Inch 
of the pitch diameter. 

Tbe pllcb diameter Is the diameter measarod on the 
pitch line. 



Formulas for (he Several Parts of Clears 

Let A equal the pitch diameter ot the driver. 

Let B equal the pitch diameter of the driven (both taken 
in teet or Inches). 

Let R equal the revolutlona ot tbe driver. 

Let S equal tbe revolutions of the driven (both taken 
in the same interval ot time). 



316— GRATES AND GRATE BARS 

For Horizontal Betom Tnlmlar Boilers 







*s;sUiU'-£3** 


IMunetu. InohM 




48 


14 


16 




14 


18 


M 


16 


20 


60 


14 


22.6 


60 


16 


25 


66 


16 


27.5 


66 


18 


30 


72 


IS 


33 



Orate surface for buming bituminous coal Is usuallr In 
the proportion of one to forty-flve, fifty, flfty-flve or sixty 
ot the heating surface. 

The following; table glvea the approximate grata area 
per boreepower for dlSerent rates of evaporation and 
combustion as compared by the following formula: 
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Formula for Finding Grate Area 

H.P.X34.5 

S= 

ExC 
in which 

S=:total grate area in square feet. 
Errpounds of water evaporated per pound of coal. 
Cr=:pounds of coal burned per square foot of grate per hour. 

331— HEATER, FEED WATER 

It is claimed that an open heater, that is, one which has 
pans holding the water to be heated or some other arrange- 
ment by means of which the exhaust steam comes into 
direct contact with the water to be heated requires about 
six pounds of cold water and one pound of exhaust steam 
to produce seven pounds of water when heated from 50 
degrees to 210 degrees F. It is further claimed that 
* closed heaters, that is, those in which the water to be 
heated and the exhaust steam do not come into contact 
but are separated and the heat is transferred thru metal, 
requires about seven pounds of cold water and one and 
one-sixth pounds of steam fcr the same service. The 
closed heaters are usually equipped with tubes similar to 
a boiler. • 

The saving effected by heating boiler feed water by 
means of exhaust steam amounts to approximately one 
per cent, of the fuel for each eleven degrees F. rise in 
the temperature of the feed water. 

Capacity and Dimensions of Some Closed Heaters 



CAPACITY 1 


SIZE OF OPENINGS 


DIMENSIONS 


BOILER 
H. P 


ULVAiat 

rat ML 


STCAM 


WATER- 


CONDENS- 
ATE 


DRAIN 


VENT 


LENGTH 


DIAM. 


2S 


750 


2'/4 




^ 




Vt 


31>/4 


13 


SO 


1500 


3 


V/l 






V4 


30 


»*^ 


.75 


2250 


3 


«V4 






V4 


39 


14% 


100 


3000 


3 


2V4 






Vi 


« . 


m 


I2S 


3780 


3 


1V4 






V, 


57 


14% 


ISO 


4500 


4 








Vi 


i5H 


17% 


200 


€000 


4 








H 


57^4 


17% 


ZSO 


7800 


4 








Vi 


•W4 


17% 


300 


9000 


C 


3V4 


IVi 


I 


^ 


71V4 


WA 


3(0 


lOSOO 


< 


3% 


tV4 


1 


v^ 


nv* 


20V4 


400 


12000 


< 


»H 


tV4 


« 


H 


••/« 


»4 


soo 


■18000 


< 






1% 


^ 


•4^ 


23 


000 


10000 


< 






IV4 


hk 


••M 


23 


700 


21000 









l*A 


* 


•0 


28 


000 


240W 


< 






1^ 


^ 


92 


2S 


900 


27O0O 


. 






tV4 


^ 


90 


2S 


lOOO 


38000 


• 






1V« 


^ 


87 


29% 


1200 


30000 


• 






l«A 


^ 


93 


29% 


I40d 


A^ftflft 


• 






1% 


V 


90 


29% 


1000 


40000 


10 






IV^ 




94«/4 


»% 


1100 


54000 


10 






m 




IOOV4 


33% 


2000 


00800 


10 






IV4 


B 


looy. 


»% 


22S0 


07S00 


10 






IV4 


1 


96% 


35 


2500 


78000 


10 






m 




107% 


3S 


27S0 


82800 


12 






i^ 1 1 


9OV4 


40 


3000 


90000 


12 






m 




»«'/• 


40 


3S0O 


lOSOOO 


12 






IVi 




1001/4 


40 


4000 


120000 


14 






t 




lOS 


43 


4100 


138000 


14 






2 




123 


43 


8010 


180000 


14 






2 




114 


46% 


sioo 


IC5O00 


14 




^ 


2 




114 


46% 


0000 


190000 


14 






2 




126 


46% 


•100 


lOSOOO 


14 






2 




126 


46% 


7000 


210000 


14 






2 




138 


46% 


7500 


^yypoo 


14 






2 




138 


46% 



These ratings are based upon heating water from 50 
deg. F. to 205 deg. F. with steam at lbs. (212 deg. F.). 
Conversion Table 

These capacities are given for lbs. steam pressure. If 
steam at a greater pressure is used, the capacities will be 
increased as shown by the following table, which gives the 
factor to multiply the ratings at lbs. steam pressure by, 
to arrive at the capacity with an increased steam pressure. 

Conversion Table 



STEAM 

piuasuiu 


FACTOII 


STCAM 


FACTOR 


STCAM 

PKCSSCIRE 


FACTOK 


STCAM 
PUaSURE 


FACTOR 




1.132 




i.n« 


25 


2.S02 


7» 


3.M3 




1.242 




I.9S0 


30 


2.CCC 


M 


3.7S2 




I.US 




2.001 


3S 


2.728 


K 


3.MI 




I.42» 




2.0S1 


40 


2.949 


90 


3.917 




I.Sfl 




2.097 


4S 


3.07S 


100 


4.0S9 




I.SM 




2.143 


90 


3.192 


110 


4.I9S 




ICSC 




2.IM 


SS 


3.299 


120 


4.314 




1.719 




2.232 


M 


3.403 


130 


4.438 




1 7S3 




2.274 h «S 


3.S02 


140 


4.CIS 


10 


1.840 


20 


2314 1 70 


3.sas 


ISO 


4.M9 



Example:—- 

The boiler feed water heater that has a capacity of 1,000 
h. p. can take care of 30,000 lbs. of water per hour, from 
50 degrees to 205 degrees F. with steam at lbs. pressure. 
At 5 lbs. steam pressure the factor is 1.511, therefore, 
30,000 X 1.511 gives a capacity of 45,330 lbs. of water per 
hour from 50 degrees F. to 205 degrees F. using steam at 
5 lbs. gage pressure. 

336— HOLLOW BLOCK AND BRICK 

The American Society for Testing Materials Has Suggested 

the Adoption of the Following Tentative Definitions 

of Terms Relating to Hollow Tile 

Clay Hollow Tile. — Hollow burned clay building units 
with parallel cells. 

Terra Cotta. — A term applying to ornamental building 
units of burned clay but frequently used, erroneously, to 
designate hollow tile. 

Hollow Building Tile. — Hollow tile for use in load- 
bearing structural members such as floors and walls. 

Load-Bearing Tile. — Tile for use in members designed to 
carry load. 

Floor Tile. — Hollow building tile for use as a structural 
material in floors in conjunction with steel or reinforced 
concrete. 

Foundation Tile. — Hollow tile used below the first floor 
or grade line for carrying the superstructure; also for 
building piers or pilasters below grade. 

Side Construction Tile. — Tile designed to receive its 
principal stress at right angles to the direction of its 
cells. 

End Construction Tile. — Tile designed to receive its 
principal stress parallel to the direction of its cells. 

Back-up Tile. — Hollow building tile of suitable dimen- 
sions for use as backing in walls faced with brick or stone. 

Book Tile. — Hollow tile resembling a book in shape 
designed to fill space between supporting members of roof 
or similar structures and having tongue and groove edges. 

Vitrifled Tile. — Tile burned to a temperature to pro- 
duce vitriflcation but not necessarily glazed. 

Salt-Glazed Tile. — Tile with a vitreous glaze on its sur- 
faces produced by burning salt in the kiln at the tempera- 
ture used in flnishing the burning. 

Hollow Tile Fireprooflng. — Hollow tile for use in non- 
bearing partitions or for furring or for the protection of 
structural members against flre. 

Partition Tile. — Hollow tile for use in building interior 
partitions subdividing areas into rooms or for enclosing 
stairways or shafts and carrying no superimposed load. 

Furring Tile. — Split tile of suitable design for lining 
the inside of masonry walls. 

Porous Tile. — Tile in which the natural porosity of the 
clay has been increased by the admixture of other in- 
gredients. 

Raw Materials 

Shale. — A soft, fragile rock, made from clay, having an 
uneven, slaty structure. 

Fire Clay. — A term commonly applied to buff burning 
clays underlying coal veins and to other buff or brown 
burning clays which mature at moderate or high tem- 
peratures. 

Surface Clay. — A term commonly applied to soft, plastic 
clays which mature at comparatively low temperatures. 

Designation of Dimensions 

Thickness. — That dimension of a tile measured at right 
angles to the face of the wall or floor as it lies in the 
wall or floor. 

Width. — That dimension of a tile measured at right 
angles to the direction of its thickness and cells. 

Length. — That dimension of a tile measured between 

its cut ends. 

NOTE. — In practice the first dimension given represents 
thickness, the second width, the third leng^th. 

Parts, Openings and Surface Features 

Shells. — The outer walls of the tile. 

Webs. — Partitions parallel to the cells. 

Cells. — The openings in a hollow tile running parallel 
with its shells and webs. 

Scoring. — The grooves formed in the exterior faces of 
the shells of the tile to increase the bond of mortar, or 
plaster. 

Hollow Tile Specifications 

The following speciflcations' are excerpts from the ten- 
tative specifications suggested for adoption by the Ameri- 
can Society for Testing Materials. 
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Physical Properties and Tests 
Physical Test Requirements' 
The average ultimate compresslre strenirth for h/^ii»„ 

v«^?i°,*^ *"l \'"*'^ •« ^^^^^^^ t" b« usld^uh Jhe clZ 
l^I^^^h^a^J^^'' *«"'«*' '» that position, shall be not less 
beartn^?ace'- '"' '''• *"• °' '^" nominal 'gross area" oVthI 

hnnrtf^^^ir^^'^v^'u™**® compresslTe strength for hollow 
h^ll- "? H'* '!"*'^ *« designed to be used with the ceuT 

less than 70*<?*^h''n!'' '"'^f* *", *^*t Position shall be no? 
th? beaSng face. ""• °' '''^ ''*""*"''' '^°^'' "^^ »' 
f<o^t™^^f representing tile that is to be used for founda 
tlons or for exterior walls shall endure 30 alternate ?r^«r 

Tl" on ''whl'cTf,:"^"".' '*"'^^«' '^^ deflntdTatel' "^''" 
lue on which fire tests are made shall mpfif tho ^^ 

tt^ia'" °^ '^^ ^'^'^^^^d Speciflcatfons for Fire Tests of" 

KS Ma^^^iaU^^^ ^^ ^^^ ^--*-- s'cietffo^' 

Table I. Data Sheet for HoUow TUe Material 

^*^ Location of testing 

Manufacturer At 

Test made by For use in . . . 



Speci- 
men 

Num- 
ber 



Sketch 

of 

Tile 



Nomi- 
nal 

Sise of 
Tile 



Posi- 
tion in 
which 
Tested 



Color 

of 

Tile 



Weight 



Maximum Load 



Lb. 



Lb. per sq. in of 

Nominal Gross 

Area 



set'"b^utTt ^nT L^« \TrZ:^ ^aS^'th'^U^ ^^^ 
^"^u****? Tf™"^*** "-om the pTates ^* specimens 

All tile shall be tested to failure 

eac^ofX flvelndlvidua! lamnl^Mr''"-'«1 ^^^^^'^^^ '- 
ard t.t. togethen^^b"?LTv^^^^^^^^^^ 

secTion undir dX%IV° '^?h"°*'^ *" *•*« "tatistical 
thawing test as thp li!f» *"'"?"* °' *^e freezing and 
cases. '•** **^'^ *™ »l™«8t Identical in both 

Tolerances 

.u7r^emintYhV/r*con"«tili%*° "'^.' '""^ «*'-«^^ ^^- 
vlded: constitute cause for rejection, pro- 

no^^bl ='lU?brs^pe^?fl'ei^U"J^,« '"^ ^^^-^ «^'^" 

tes??isri!>;^?Var8o'perceSrof"tVr'^ f.*^" «'- * 

In case any lot of tile /h^?? /on l**^ strength specified. 

tWrarJ-o\S£S- 

after which ne^riKrllre'L^e*c?eTL^?o^i%«S 
Table II. Weights. S««^*^Dimensions of Standard Load- 



Dimensions, Inches 



Backing-up Tile: 
4 by 5 by 12 
8 by 5 by 12 
8 by 5 by 12 



Minimum 
Weight, 
Pounds 



Selection of Samples for Test 

aro'^J!^?^^ ^^*" be made by competent experienced op- 
erators in recognized testing laboratories. 

nbolLl l""^ ""' "^® ''''' ^®^^ «^a" be selected by the pur- 
tn Hn tM«^^ ^^""""f^^^^^ representative authorized by him 
to do this work. In all cases, the samples shall be fairlv 
representaUve of the whole lot of tile from wWch tLy ar^ 
selected Full size tile shall be taken in all cases ^ 

Five'' HipVh Ji?f *" ^?* ^""T individual tile shall be selected. 

flrl fi I ^u^^\ ^® selected for the freezing test. For the 

IZ^^r^oTtnTri:^^^^^^^^ '''' Bpecimen^ill gove?n^ III 

Samples for strength test shall be selected at the factorv 

tract '« fhi^Vl' i^^'TY' " ^P^*''*^** m tl; saletcoS: 
tract. If the freezing test or the fire test, or both is to 

Sr^r***!' " ',''*",''* "" «P««=*fl«d »t the time of plac?Ag the 
?acto.V ITflZ 'i's -5^^'^ *^''*/ «*'*" »»« selected at^ III 
ment. ''^ advance of the time of ship- 

™otlL*i't ^^^^^t^'J to"" test shall be plainly and permanently 
marked for reference by the testing operator ™*°®''"'' 

Strength Tests 
matYe empSeT '"^^ "' compression testing machine 

O.0?i'n.TerVinu?e' '"""'"^ *^'^'* ^^*" "« ''<'* '"^'^ than 
A spherical bearing block of a type in common usa in 

plastic capping which is to be applied later Ihlfl be coaed 
with one good coat of liquid shellac and allowed to dnT 
J!\7 "i"*" *•'*" "« "buttered" with a plasUc mortar of 
calcined gypsum (plaster of Paris) tempered wUhwateJ 
to g^ve a consistency slightly exceeding the nomiai ThI 

sSfoir'i.,'''*" ''% ^^^"^ " «'"«'« «°^ pressure upon I 
smooth plane surface of steel or plate glass whiihhoo 

$?io°tS°v*"'**''; ^l'"**' ^"'^ •«" forthe^itppiSto se? 
s\°aVn-tratt^d-rnd ImT^^f^s =lf- SS 



Load-Bearing Wall Tile: 

3 by 12 by 12 

4 by 12 by 12 
6 by 12 by 12 
8 by 12 by 12 

10 by 12 by 12 
12 by 12 by 12 

Slabs 




optional I optional llb.perlin.of w^h 



X.e?sfa!I"b^^e\tTrndnrsim°^ ?o?era?« 'T -- 

the^e-e-,-— S?^^^^ 
"'''i^L^r.t' rejecuon o^'^'the'e'nCl^t^'"' ''"''' *'*"^- 

Of PlaS't'L:trThlt*"th?tl?e'i'rirr'^^*^' '^' *^« "me 
tlon work, failure of indiv^t ill *!* *" "* ^^^^ 'o^ founda- 
ing test Shan not coisUtntp ^L.'f *,'P^*'""«°« 1" the freez- 
not more than 20 per cen? o/lhff "V '"^Ject'on, provided 
In this test. ° ''" P®*^ ''^"t. of the test specimens shall fail 

Tn I. «, ^**°^*'"^ Sizes and Dimensions 

Pl/n\^arai?o%rerd^sV'thrtif;Xrb?" i'^^'^ '" "^ 
45 per cent, of the gross area of Vh/o ^^ ^°*^ ^^' than 

No dimension shaU be more ?Lw «"* ^^*'"*">- 
2 per cent, over the <Uml^^1^ *" .* "*' ''^nt. under nor 
standard tile, or Jrom thi^fminf.^ ^''^^S. '"^ ^able II for 
as standard fo7 i^rotMrro^uf/'*"*^'^ recognized 

tha??he^riUin*:;ilg^f^"4ri1. &^if ^^ "« >- 

^**'"'™*'"*^P a"^ Finish 

All tile shall be free from such cracks hnpf«.,» 
roughness and other Hf-t^nu, Vt Z. ''™f"' blisters, surface 
with the proper setting of th«HiJ°''\* evidently Interfere 
or permanence. ^ *"* *•'' ''"P**'" tbeir strength 

stu^o s'h?n"bi IcoJtS'ln's^icV"" '"^"*^«'' '»' '"Ort" or 
anchorage "for monir or pUste*r "X^'sfani" 5'^* «'»''^ 
given in Table II is recommended. standard scoring 

Marktng 

\)1 1»* 



CLAT PRODUCTS CYCLOPEDIA 



Inspection and Rejection 

Inspection for weight, size, sectional area, workmanship 
and finish shall be made by a competent inspector em- 
ployed by the purchaser or builder. Such inspection shall 
be made at the factory or at point of delivery according 
to agreement between purchaser and shipper. 

Indiyidual tile shall be rejected for failure to comply 
with the foregoing specifications covering these points. In 
case more than 25 per cent, of a shipment shall fail to 
comply with these specifications, the purchaser may reject 
the entire shipment. 

Selection of samples, testing and inspection shall be paid 
for by the purchaser. 

The shipper shall afford the inspector all reasonable 
facilities for his work. This applies to both the selection 
of test samples and the visual inspection. All inspections 
shall be made within a reasonable time. 

The inspector shall mark plainly all tile which he rejects 
and such rejected material shall be removed promptly by 
the shipper or his agent. 

344_HYGROMETERS 

The attached table is copied from Searle and shows the 
degree of humidity (the percentage of complete satura- 
tion) when the dry bulb thermometer is at the reading 
given in the first column of each pair, and the wet bulb 
is lower by the quantity D. 



Dry Bulb 


Degree of 


Dry Bulb 


Degree of 


Dry Bulb 


Degree of 


Desrees F. 


Humidity 


Degrees F. 


Huxnidity 


Decrees F. 


Humidity 


b-2D 


egrees 


D = 5d 


egTe.e8 


D-lOd 


egrees 


30 


69 


42 


63 


60 


50 


ai 


72 


44 


65 


62 


50 


32 


76 


46 


67 


64 


51 


33 


78 


D=8d 


egrees 


66 


52 


34 


79 


46 


51 


68 


52 


D-3d 


egrees 


48 


52 


70 


53 


35 


72 


50 


53 


72 


54 


36 


74 


52 


54 


74 


55 


37 


75 


54 


55 


76 


55 


D-5d 


egrees 


56 


56 


78 


56 


38 1 


62 


58 


57 


80 


56 


39 


63 


60 


58 


82 


57 


40 


63 






84 


57 



386— KILN, DOWN-DRAFT, DESIGN AND CON- 
STRUCTION 

To Find Size of Flues in Down-draft Kilns 

One of the most important points to consider in the de- 
sign and construction of down-draft kilns is the size of the 
flues, and this is most important in the watersmoking 
period of the burn. Clay products that have been dried 
thoroly, still contain about 300 pounds of water per 
ton of ware. This water is removed during the water- 
smoking period of the bum. Every pound of water pro- 
duces approximately 27 cubic feet of steam. Therefore 
every ton of clay ware produces about 8,100 cubic feet of 
steam. A kiln therefore which contains 60,000 brick each 
weighing 6 pounds, making a total of 180 tons, produces 
1,458,000 cubic feet of steam or moisture vapor. The flue 
system must carry away this amount of steam and in addi- 
tion must carry the gases resulting from the combustion 
of the fuel. If the ware will permit of drying in 2 days 
the steam alone will amount to 30,375 cubic feet per hour. 
Suppose that the smallest area in the flue and stack system 
is 18 square feet. 

If the moisture or stoam escaping from the kiln stack 
could be maintained at a temperature of 212 degrees or 
more, this hot moisture or steam would escape without any 
assistance from air to carry it, but in actual practice air 
must be used as the medium or vehicle to remove the 
moisture. Suppose that 100 cubic feet of air in traveling 
thru the kiln takes up 0.4 pound of moisture. That 
equals about 11 cubic feet of moisture. 1,458,000-7-0.11 
=13,254,600 which is the amount of cubic feet of air that 
Is necessary as the carrier of the cubic feet of moisture or 
steam. The total gas to be provided for, however, is less 
than the sum of the vapor and air as shown by these 
flgures. To be conservative we will use the flgures 13,- 
254,600 as the cu. ft. of gas to be provided for. This 
equals 276,138 cubic feet per hour if the watersmoking Is 
completed in two days. 



Approximately 18 pounds of air are required for the 
combustion of one pound of coal. Since air weighs about 
.07 pound per cubic foot at ordinary temperature, one 
pound of coal requires approximately 267 cubic feet of 
air. Suppose that the kiln uses about 1,000 pounds of 
coal per hour at the height of the watersmoking period. 
Suppose that each pound of coal requires 257 cubic feet of 
air and that the products of combustion will occupy the 
same space. That adds 257,000 cubic feet to 276,188 
making 533,138 cubic feet to be taken care of by the stack 
per hour. This makes the lineal travel thru a flue with 
an area of 18 square feet equal 29,619 feet per hour or 
494 feet per minute. 

This imaginary case Is shown to Impress upon the reader 
the necessity of ample flue and stack capacity. In many 
cases the flue system of a kiln Is damp, thereby causing 
additional steam which must be taken care of. 

To Find Nnmber of Brick in Down-draft Kiln Grown 

The following flgures are made on a fire brick crown 
as that Is advisable in every case. 

Most of the crowns of round down draft kilns are a part 
of a true sphere. This is true when one radius Is used for 
the entire crown. 




Section ihru Qoiyn oflhi¥rcltdft /ff/^. 

To find the surface of the Inside of a kiln crown multi- 
ply twice the radius of the crown by the rise of the crown 
and this by 3.14159. 

To find the radius for a crown from the diameter of the 
kiln and the rise of the crown, 

A« 

2R - — + H 
H 
in Which R=the radius of the crown 

A=one-half of the diameter of the kiln 
H=the rise of the crown or the distance from 
the spring line to the highest part of the 
inside of the crown. 

Take a kiln of 30 foot diameter and a rise of eight feet. 
It is necessary first to determine the radius. From the 
formula this Is: 

15« 
2 R = — -h 8 - 36.125 feet 
8 
R = 18.0625 feet 

Then the inside area of the crown equals 2xl8.0625x 
8x3.14159=907.91951 square feet. 

The radius of the outside of the crown Is usually nine 
inches larger than the inside radius. To determine the 
area of the outside of the crown use this proportion: 
18.0625 (inside radius) 907.91961 



18.8125 (outside radius ) Area of outside surface of crown 
From this we determine that the outside surface equals 
945.61928 square feet. A standard brick measures 2%x 
4% inches on the outside end. This equals 11^ square 
Inches or 12.8 brick per square foot. 946.6x12.8 equals 
12104 which Is the total number of brick necessary to 
build the crown. 
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CLAY PRODUCTS CYCLOPEDIA 



To determine the number of wedge brick necessary we 
determine the number of wedge brick in one circle across 
the kiln. By referring to the table of circular arcs we 
find that the span 30 feet divided into the height 8 feet 
equals .267, and that the figure in the column of lengths 
corresponding thereto is 1.18040. This latter figure multi- 
plied by the span 30 feet equals 35.412 which is the length 
of the arc across the center of the kiln. The corresponding 
arc for the outside of the crown is in direct proportion to 
the difference in the two radii. 



Finding Length of Arc of Crown 



18.0625 



35.4 



18.8125 length of arc for outside of crown 

From this we determine that the length of the arc is 
36.87 feet or 442.44 inches. This last figure divided by 
2% inches, the thickness of one brick, gives 177 brick as 
the number in one arc across the kiln. 

Again 36.87 feet minus 35.4 feet equals 1.47 feet or 
17.5 inches. A number one wedge brick measures % Inch 
less in thickness than a square or straight brick on the 
small end. 17.5 inches divided by 0.625 equals 28 brick 
in every circle or 28 out of every 177 brick in the crown 
that must be number one wedge. This makes the require- 
ments of this crown 1,934 number one wedge and 10,200 
nine-inch straights or squares. 

To check this estimate: The difference in the areas of 
the inside and outside surfaces equals 37.69977 square 
feet. A brick 2^x4% has 11.25 square inches and the 
small end of a number wedge brick has l%x4^ or 
8.4375 square inches. The difference between these areas 
is 2.8125 square Inches or 0.01953 square feet. 37.69977 
divided by 0.01953 equals 1930 brick, which means that 
1930 brick in the crown must be wedges and the rest 
straight or square brick. The two methods of figuring 
are a little at variance on account of the large decimals 
involved. 



To Find Brick in Crown of Sqnare Down-draft 

Consider a square kiln 20 feet wide, 45 feet long and 
a rise of six feet to the crown. 

In figuring the number of brick in the crown of a square 
down-draft kiln, or in the arch of any flue use the table 
attached for the length of circular arcs. To use this table 
divide the rise of the crown by the span or the width of 
the kiln. In the column of heights find the number closest 
to this quotient. Take the number in the column of lengths 
corresponding to this quotient, and multiply by the span 
or width of kiln. This will give the distance across the 
Inside of the crown as 24.5 feet or 294 inches. We must 

A* 

now find the radius. In the sketch 2R = h H. 

H 

100 

Substituting the values given we have 2R = h 6. 

6 

Therefore R = 11 feet 4 inches or 136 inches and 
R -f 9 = 145 inches. 

To find the length of the circular arc for the outside of 
the crown we use the formula: 

294 Length of outside arc 



136 



145 



From this proportion we find that the length of the out- 
side arc is 313.4 Inches. 

313.4 divided by 2% inches, the thickness of one brick 
on the outside of the kiln crown, equals 126 brick. 126 
multiplied by 120 which is the number of brick in the 
length of the kiln (arrived at by dividing 4% inches, the 
^width of one brick, into 12 and multiplying by 45, the 
length of the kiln) equals 15,120 brick total in the crown. 
313.4 — 294 equals 19.4 which is the difference that 
must be made up by the use of wedge brick. The stand- 
ard number one wedge brick measures (on the small end) 
1 % inches or % of an inch less than a square or nine inch 
straight. Divide 19.4 by % and we find the quotient to 
be 31 which means that 31 out of the 126 brick across the 
kiln must be wedge brick. Therefore 31 are nn'^'^'^- one 
Tvedge brick and 95 nine-inch straights. 

31x120 for the length of the kiln equals. 3,720 

95x120 for the length of the kiln equals. 11,400 



Total (same as found above) 15,120 



Knowing Iti ebord and height, divldt th« height by lb* ehord. 
.anber equal to tbii quotient. Take ont the eorretpoodlng - 
Muliiplj this iMt number bj the length of the given ebord. 



— . . -_ . — --m — . —-- • — -^ -w- ........ Find In tbeeolvniB of belcbti the 

TCBber equal to tbii quotient, ^ake^ont tbe oorreijoodlng number from the oolamB oT ^j**^ 



TABLE OF €IKCUI<AK AKCS. 



R'ghU. 



Lengths. 



.001 


l.OOOOS 


(M 


1.00002 


.003 


1.00003 


.004 


1.00004 


.X»5 


1.00007 


.006 


l.OOOiO 


.007 


I.OOOIS 


.006 


1.00017 


.009 


i.oootn 


010 


1.00027 


.011 


1.00032 


01 i 


1.00038 


.013 


1.00045 


.014 


1.00063 


.Ul» 


1.00061 


.016 


1.00069 


017 


1.00078 


.018 


1.00087 


.019 


1.00097 


.0« 


1.00107 


.021 


1.00117 


.oA 


100128 


.0?3 


l.OOlfO 


.0'.'4 


1. CO I 58 


.01b 


100167 


.02fi 


1.C0182 


.oni 


1.00196 


.028 


1.0O2I0 


.o-.n) 


1. 00:25 


.0.10 


1. 00240 


.031 


10U?3tf 


i)12 


1.00273 


0X3 


1.00289 


0:H 


1.00307 


.035 


1.00327 


ja36 


1.00345 


.0.17 


1.00S64 


.035 


I.C0.-!81 


.039 


1.00405 


.040 


1.00426 


.011 


1.00447 


.042 


100469 


.043 


1.00492 


.014 


I.0O5I5 


Mii 


1. 00539 


.Oir, 


1.00663 


.047 


1.00587 


01.1 


1.00612 


.049 


100698 


.050 


1.00665 


.051 


1 00692 


M-i 


1 G0720 


o&s 


100748 


.054 


1 00776 


.OiJ 


I.C0806 


.0i6 


I.C0^4 


.rtk'» 


IC0t>64 


.0*^ 


1 00S96 


.•: ,9 


1 009M 


.o«;>) 


I.C0967 


Ml 


1.00!>t$9 


002 


1 01 Oil 


.t<.3 


1.01054 


.Ot'<4 


1.0in»8 


.ih:s 


1011/3 


.ifiri 


1.01IJ8 


,Cli7 


1.01193 


M'S 


1 01228 


.009 


1 01304 


.07[> 


1.01302 


.071 


1 UU-IS 


.07i 


1.01176 


.073 


1.0I4I4 


.074 


1.01453 


JOli 


101403 



H'gbu. 



tiOBgthe. 



.076 


1.01 533 


.077 


1.01573 


.078 


1.016U 


.079 


1.01656 


.080 


1.01698 


.081 


1.01741 


.083 


1.01784 


.081 


1.018M 


.084 


1.01872 


.065 


1.01916 


.086 


1.0I96I 


.067 


1.02006 


.088 


1.02052 


.089 


1.02098 


.090 


I.02I46 


.091 


i.onts 


.092 


1.02240 


.093 


1.02289 


.094 


1.02839 


.095 


1.023(4 


.096 


1.02440 


097 


1.02491 


.098 


1.02542 


.099 


1.02693 


.100 


102646 


.101 


1.02098 


.102 


1.02752 


.103 


1.02806 


.104 


1.02860 


.105 


1.02914 


.106 


1.02970 


.107 


1.03026 


.108 


l.ai082 


.109 


1.03139 


.110 


1.03196 


.111 


1.03754 


.112 


1.0S312 


.US 


1.03371 


.114 


1.0S430 


.115 


1.08490 


.116 


1.08551 


.117 


1.03611 


.118 


103672 


.119 


1.03734 


.120 


1.03797 


.121 


1.03860 


.122 


1.03923 


.123 


I. 03987 


.124 


1.04051 


.125 


104116 


.126 


I.0418I 


.127 


1.04247 


.128 


1.04313 


.129 


1.04380 


.130 


1.04147 


.131 


1 04515 


.132 


1.04584 


.133 


1.04662 


134 


1.04722 


.135 


1.01792 


.136 


\.0if>6l 


.137 


1 .04932 


.13d 


1 06C03 


.1.19 


1.05076 


.no 


1.06147 


.141 


1 .03220 


.142 


1.06393 


.143 


1.05.1V 


.144 


1.06441 


.145 


I.O06I6 


.146 


1.06591 


.147 


1.05667 


.148 


1.06743 


149 


1.05819 


.150 


1.06696 



No 



HgbU. 


Lengths. 


H'ghte. 


Lengtbe. 


ffghte, 


Lengths 


.151 


1.06073 


•326 


1.13106 


.301 


1.33636 


.152 


1.06961 


•327 


1.19319 


.308 


1.33773 


.158 


1.06130 


•238 


1.13331 


JOS 


1.32930 
• 1.23063 


.154 


1.06309 


•329 


1.18444 


.304 


.155 


1.06288 


•380 


1.13557 


406 


1.28206 


.156 


1.06868 


'SSI 


1.13671 


.306 


1.23349 


.157 


1.06449 


•233 


1.13785 


.307 


1.33493 


.158 


1.06580 


•233 


1.13900 


.308 


1.23686 


.159 


1.06611 


.234 


1.14015 


.309 


1.28781 


.160 


1.06693 


.335 


1.14181 


.810 


1.23926 


.161 


1.06775 


•236 


1.14247 


.311 


1.94070 


.162 


1.06858 


.237 


1.14363 


J13 


1.34216 


.163 


1.06941 


•238 


1.14480 


.313 


1.24861 


.164 


1.07025 


.239 


1.14597 


J14 


1.34507 


.165 


1.07109 


•340 


1.14714 


.315 


1.34654 


.168 


1.07194 


.241 


1.14833 


.316 


1.34801 


.167 


1.07279 


.343 


1.14951 


.317 


1.34948 


.168 


1.07365 


.343 


1.15070 


.318 


leTSOvv 


.169 


1.07451 


.344 


1.15189 


.519 


1.25243 


.170 


1.07537 


•.345 


1.15306 


430 


1.35391 


.171 


1.07624 


.346 


1.15428 


431 


1.35540 


.173 


1.07711 


.347 


1.15549 


.333 


1.256€9 


.173 


1.07799 


.348 


1.15670 


423 


I.2S838 


.174 


1.07888 


.249 


1.15791 


.384 


1.25986 


.175 


1.07977 


.390 


1.I59IS 


.323 


1.36188 


.176 


108066 


.351 


I.16(»4 


.S26 


1.26288 


.177 


1.08156 


.253 


1.16156 


•327 


1.26467 


.178 


1.08246 


.293 


1.16279 


486 


1.36668 


.179 


1.08337 


.'»B 


1.16403 


439 


1.26740 


.180 


1.08428 


1.16526 


430 


1.36S93 


.181 


1.06519 


.356 


1.16650 


431 


1.37044 


.182 


1.08611 


.287 


1.16774 


433 


1.37196 


.188 


1.08704 


.258 


1.16899 


483 


1.27849 


.184 


1.08797 


.359 


1.17024 


.334 


1.27603 


.185 


1.08890 


.360 


1.17150 


.335 


1.37656 


.186 


1.08084 


.361 


1.17276 


486 


1.27610 


.187 


1.09079 


.863 


1.17403 


.387 


1.37964 


.188 


1.09174 


.868 


1.17530 


.338 


1.38118 


.180 


1.09269 


.364 


1.17657 


439 


1.28273 


.190 


1.09366 


.165 


1.17784 


.340 


1.28429 


.191 


1.09461 


.266 


1.17912 


.341 


1.38583 


.193 


1.09557 


.367 


1.18040 


443 


1.287S» 


.193 


1.09654 


.268 


1.18169 


443 


1.28895 


.194 


1.09752 


.369 


1.18289 


.344 


1.29062 


.195 


14)9850 


.ro 


1.18429 


.346 


1.39309 


.196 


1.09949 


.371 


1.18569 


.846 


1.29366 


.197 


1.10048 


.373 


1.18689 


.847 


1.39523 


.198 


1.10147 


.373 


1.18820 


.348 


1.29681 


.199 


1.10247 


.374 


1.18951 


449 


1.39889 


.200 


1.10847 


.ns 


1.19083 


.350 


1.39997 


.201 


1.10447 


.376 


1.19214 


451 


1.80156 


.202 


1.10548 


.n7 


1.19946 


453 


I.30S15 


.203 


1.10650 


.378 


1.19479 


.858 


1.30474 


.204 


1.10752 


.379 


1.19613 


464 


1.80634 


.205 


1.1086d 


.280 


1.19746 


.355 


1.30794 


.206 


1.10956 


' .281 


1.19880 


.356 


140954 


.207 


1.11063 


.283 


1.30014 


.857 


1.31115 


.206 


1.11165 


.383 


1.30149 


458 


1.31276 


.209 


- 1.11269 


.384 


1.20284 


.859 


1.81437 


.210 


1.11374 


.385 


1.20419 


.360 


1.31699 


.211 


1.11479 


.286 


1.10555 


.361 


1.31761 


.212 


1.11584 


.287 


1.90691 


.362 


1.31923 


.213 


1.11690 


.288 


1.20627 


.363 


1.33086 


.214 


1.11796 


.269 


1.30964 


.864 


1.82249 


.215 


1.11904 


.290 


1.21102 


.365 


1.32413 


.216 


1.12011 


.291 


1.21239 


.866 


143577 


.217 


1.12118 


.393 


1.21377 


.367 


143741 


.218 


1.1222s 


.293 


1.31515 




1.32906 


.219 


1.12334 


.294 


1.31054 


.369 


1.38069 


.220 


1.12444 


.295 


1.21794 


.370 


1.. 13284 


.221 


1.12654 


.296 


1.21933 


.361 


143399 


.222 


1.12664 


.297 


1.22073 


.372 


143564 


.223 


1.12774 


.'-98 


1.22213 


373 


1.33730 


.224 


1.128M 


.2tlll 


1.2«64 


.374 


1.38896 


1 .225 


1 1V1W7 


.300 


l.2i4V6 


.375 


1.34068 



392— KILN INSULATION 

The B. t. u. transmitted per square foot of surface per 
degree difference in temperature thru brick work is as 
follows: 

INSIDE 



Fire brick 




face bri^i^ 



Fig < 



179 






OUTSIDE. 



Qf furnace WaUs and Potitlon of Thermo. 
\0^ coap\e«. 
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4 inches 0.68 24 inches 0.20 

8 inches 0.46 28 inches 0.18 

12 inches 0.33 32 inches 0.16 

16 inches 0.27 36 inches 0.15 

20 inches 0.23 

The four attached illustrations are taken from a bulletin 
of the Bureau of Mines and show the methods and results 
of the test to determine the radiation of heat thru brick- 
work. The inside of the furnace was maintained at 2,000 
degrees F. until the various readings were constant. 

TOP 




INSIDE 



Fig. 2. Construction of Furnace Roof and Position of Thermo- 
couples. 





1 


J 








































.Cm 


rfc* 


«v 








































N 












































N 














































N 












































\ 




























>•. 
















'N 


«!! 


^l 






















c 




















"^ 


-^ 




4* 


> 








































\ 










































'^ 












^ 


































■% 


"V- 










































^ 


iCM^ 


Ifl 


Ml 




















ArJ 


nc 






















m^///M^/^jmf^^y>m^A 


y/^MMMJM. 


fc^ 








J — 


r 


if — 


•■ - 


r n 


r - 


f ( 


i ) 


ThL 


*nms 


\j 


'5-^J 


V^ 


r 


9 « 


b / 


ft 


w * 





Fig. 3. Temoerature In Side Walls. 
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Fig. 4. TemperatUMB In Arch. 

410— LOCOMOTIVES, ELECTRIC STORAGE 
BATTERY AND TROLLEY 

Haulage Capacity of Electric liOcomotlYes Equipped with 

Cast Chilled Wheels 

Table A gives the draw-bar pull in pounds and the 
haulage capacity in tons for a given weight of locomotive 



on various grades, when equipped with chilled cast iron 
wheels. A coefficient of friction of 30 pounds per ton has 
been assumed on level track, and 20 pounds per ton for 
each per cent, of grade. 

Table A 



OAK 


LEVEL 


1% 


2% 


3% 


s 

8h 


Draw Bar 
Pull Lbs. 


Sou 

53 


Draw Bar 
Pull Lbs. 


31 


i 


_ Haulage 
o Cap. Tons 


Draw Bar 
Pull Lbs. 


Haulage 
Cap. Tons 


4 


1600 


1520 


1440 


1360 


15 


6 


2400 


80 


2280 


45 


2160 


31 


2040 


23 


8 


3200 


107 


3040 


61 


2880 


41 


2720 


30 


10 


4000 


133 


3800 


76 


3600 


51 


3400 


38 


13 


5200 


174 


4940 


98 


4680 


67 


4420 


49 


15 


6000 


200 


5700 


114 


5400 


77 


5100 


57 


20 


8000 


267 


7600 


152 


7200 


103 


6800 


75 


25 


10000 


330 


9500 


190 


9000 


118 


8500 


95 


30 


12000 


400 


11400 


227 


10800 


156 


10200 


113 



4% 



CO* 



1280 
1922 
2560 
3200 
4160 
4800 
6400 
8000 
9600 



Hz 

So 



» 



u 



12 
17 
23 
29 
38 
43 
58 
72 
87 



6% 



1200 
1800 
2400 
3000 
3900 
4500 
6000 
7500 
9000 



a" 

2o 



•A 



9 
14 
18 
23 
30 
35 
46 
58 
70 



GRAK 

00 



I 



f^ 
^ 



4 
6 
8 
10 
13 
15 
20 
25 
30 



LEVEL 



It 

K p 



n <0 

So 

< ^ 

a5 



1600 
2400 
3200 
4000 
5200 
6000 
8000 
10000 
12000 



6% 



53 
80 
107 
133 
174 
200 
267 
330 
400 






1120 
1680 
2240 
2800 
3640 
4200 
5600 
7000 
8400 



Sz 



7 
11 
15 
19 
24 
28 
37 
46 
56 



7% 






1040 
1560 
2080 
2600 
3380 
3900 
5200 
6500 
7800 



M 00 



8% 



6 
9 

12 
15 
20 
23 
31 
38 
46 



PS 

«:3 



q£ 



960 
1440 
1920 
2400 
3120 
3600 
4800 
6000 
7200 



Hz 



5 
7 

10 
13 
16 
19 
27 
32 
38 



9% 






880 
1320 
1760 
2200 
2860 
3300 
4400 
5500 
6600 



M CO 

2o 






4 
6 
8 
10 
14 
16 
21 
26 
32 



10% 




800 
1200 
1600 
2000 
2600 
3000 
4000 
5000 
6000 



o© 

So 



3 
5 

7 
9 
11 
13 
17 
22 
26 



Haulage Capacity of Electric Mine LocomotlTes Equipped 

with Steel Tired Wheels 

Table B gives the draw-bar pull in pounds and the 
haulage capacity in tons for a given weight of locomotive 

Table B 



GRADE 


LEVEL 


1% 




2% 




8% 




Loco. 
Wt. Tons 


11 


70 




39 


1% 


§1 

26 


It 

si 


1 

20 


4 


2000 


1920 


1840 


1760 


6 


3000 


100 


2880 


58 


2760 


39 


2640 


29 


8 


4000 


133 


3840 


77 


3680 


53 


3520 


39 


10 


5000 


167 


4800 


96 


4600 


66 


4400 


49 


13 


6600 


216 


6240 


126 


5980 


85 


5720 


63 


15 


7500 


250 


7200 


144 


6900 


99 


6600 


73 


20 


10000 


333 


9600 


192 


9200 


132 


8000 


98 


25 


12500 


416 


12000 


240 


11600 


164 


11000 


122 


30 


15000 


500 


14400 


287 


13800 


197 


13200 


146 



4% 






1680 
2520 
3360 
4200 
5460 
6300 
8400 
10500 
12600 



■a <■" 



15 
23 
30 
38 
50 
57 
76 
96 
114 



6% 







1600 
2400 
3200 
4000 
5200 
6000 

dooo 

10000 
12000 



fij 



12 
18 
25 
31 
40 
46 
62 
77 
92 



GRADE 


LEVEL 


6% 


7% 


8% 


9% 


10% 


Loco. 
Wt. Tons 


Draw Bar 
Pull Lbs. 


70 


Draw Bar 
Pull Lba. 


si 

10 


Draw Bar 
Pull Lbs. 


Haulage 
00 Cap. Tons 


Draw Bar 
Pull Lb& 


Haulage 
-a Cap. Tons 


Drawbar 
Pull Lb& 


Haulage 
o> Cap. Tons 


Draw Bab 
PullLbs. 


Haulabo 
Cap. Tons 


4 


2000 


1520 


1440 


1360 


1280 


1200 


5 


6 


3000 


100 


2280 


15 


2160 


13 


2040 


11 


1920 


9 


1800 


8 


8 


4000 


133 


3040 


20 


2880 


17 


2720 


14 


2560 


12 


2400 


10 


10 


5000 


167 


3800 


26 


3600 


21 


3400 


18 


3200 


15 


3000 


13 


13 


6500 


216 


4940 


33 


4680 


27 


4420 


23 


4160 


20 


3900 


17 


15 


7500 


250 


5700 


38 


5400 


32 


5100 


27 


4800 


23 


4500 


19 


20 


10000 


333 


7600 


51 


7200 


42 


6800 


36 


6400 


30 


6000 


26 


25 


12500 


416 


9500 


64 


9000 


53 


8500 


45 


8000 


38 


7500 


32 


30 


15000 


500 


11400 


76 


10800 


63 


10200 


53 


9600 


46 


9000 


39 



180 
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on various grades, when equipped with Bteel tired wheels. 
A coefficient of trlctlon of 30 pounds per ton has been 
assumed on level tracks, and 20 pounds per ton for each 

per cent, of grade. 

CourtB.y Jeffrey llf«. Co. 

430— MOTOR, ELECTRIC 

Table 4^ Electrical Horse Powers 






APPflOXIMATE LENGTH Of 

PIPE IN QUARTER BENDS 

EXCLUFIVC OF TANGENTS 



> tad volts at aids ( 



462— PIPE AND PIPE FITTINGS 

To find the area of a required pipe, the volume and 
velocity of water being given. 

Multiply the number of cubic feet of water by 144 and 
divide the product by the velocity In feet per minute. The 
answer which is the area will enable the slee to be deter- 
mined from the table of pipe sizes. 

A pipe one yard long holds as many pounds of water 
as the square of Its diameter In Inches. Thus a six-Inch 
pipe holds 36 pounds of water In each yard of its length. 

Velocity of Plow of Water In Pipes 

Velocity of flow In flat countries Is between 120 and 240 

feet per minute, and the average Is about 180 feet per 

minute. The bead required to maintain the latter velocity 

thru a length of clean cast Iron pipe Is equal to 

Length of pipe In feet 



26 X diameter of pipe In Inches 
and the discharge In cubic feet per minute Is very nearly 
equal to the square of the diameter of the pipe In Inches. 
The error with this calculation Is less than two per cent. 
In excess. 

For example find the loss In bead or the head required 
to maintain a velocity of ISO feet per minute tbruout 
a 12-lncti pipe 400 feet long. 



Loss ot head = 



400 



25 ] 



12 



= 133 feet 



4 to 5 and 6 diameters 
Over 6 diameters 



250 Ponnds Working Pressnre 

. 7 in. and smaller Extra strong. 

8 in. and larger M in. thick. 

, 7 in. and smaller Full wei^t. 

8 in 28.55 lbs. per ft. 

10 in 40.48 lbs. per ft. 

12 in 49.56 lbs. per ft. 

14 in. to 16 in., incl % in. thick. 

18 in. to 22 in., incl H in. thick. 

24 in. to 30 in., incl M in. thick. 



250 Pounds to 850 Ponnda Working Presmre 



4 diameters and o 



Coortecr Cnoa Co. 



Thickness of Pipe for Various Bends 

The thickness of the wall ot the pipe in a bend should 
be determined by the pressure under which the bend is to 
be operated and the diameter of the pipe. The tbichnesses 
Elven In the table below are the lightest recommended and 
carry a suOlclent safety factor, taking Into consideration 
the scaling of pipe In the bending fire and thinning of wall 
due to stretching during the bending process. 

Up to las Poonds Working Preasnre 

RADIUS PIPE SIZE PIPE 

4 to 5 diameters 7 in. and smaller Extra strong. 

8 in. and larger M in. thick. 

Over 5 diameters 7 in. and smaller Full weight. 

8 in 28.55 lbs. per ft. 

10 in 40,48 lbs. per ft. 

12 in 49.56 Iba. per ft. 

14 in. to 16 in., incl ^ in. thick. 

18 in. to 22 in., incl N in. thick. 

24 in. to 30 in., incl ;^ in. thick. 



Flow of St«am In Pipes 

To determine the velocity of steam In feet per minute 
thru a pipe, the quantity, pressure and area being known, 

V equals velocity In feet per minute. 

A equals pounds of steam per hour. 

B equals volume In cubic feet of 1 lb. at given pressure. 

C equals area of pipe In square inches. 

1728 equals cubic Inches in a cubic foot. 

60 equals minutes in an hour. 

12 equals Inches In a foot. 

AXBX1728 AXBX2.4 

Then V equals equals - 



Or A ,, 



tOxCxi2 
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Losa of PreBBnre 

The above formula does not consider the probable drop, 
or loBB of preeaure which Is dependent upon the velocity 
of flow, length of tine, number of turns la fittings or 
valves, and tlie covering of the pipe. In every steam line 
there must be a diOerence in. pressure between the Inlet 
and outlet or there could be no fiow, and this difference 
Is Increased by friction and radiation. 

In power plant work a steam velocity of 1,000 to 6,000 
feet per minute may be employed without excessive loss. 
In properly covered pipes 6 Inches diameter or larger. . 
For smaller pipe use a lower velocity. 

To Find the Correct Pipe Size tor any Steam Job 



pounds of Hteam required per minute. Thus, a ISO H. P. 
engine, operating at 100 lbs. pressure, will require abont 
100 lbs. steam per minute. Following up these Uues on 
the chart, It will be found that 4-lnch pipe Is required. 
Where the lines cross at an Intermediate point, the 
next size larger la the correct pipe to use. No further 
calculation Is required. 



Adopted by the committee of manufacturers of stand- 
ardization of fittings and valves and the American Society 
of American Engineers, Sept. 17, 1913. 



Rtandard Pipe Thread Dimensions 




We are Indebted to the Metal Worker. Plumber and 
Steam Fitter tor this chart, based on the well-known 
Bahcock Formula. To find the correct pipe size for any 
Job, all you need is the gage-pressure and the number of 



equals G— (0.05G-|-1.9)X— 

B equals A-f-(Px.0625) 

4 
C equals B-K — X-0825) 

N 

6 
D equals B-|-(— x-0e25) 



TABLE OF EQUAUZATION OF PIPES 



Dl«. In't 


Hin. 


M In. 


% la. 


HlB. 


Mil. 


t m 


IX la. 


1 K in. 


S in. 


M ID. 


3 In. 


M la. 


< In. 


4H in. 


6 In. 


c 


1-2 


32 


5 7 


2 1 


t 


























3-4 
I 


88 2 
181 


15 6 
32 


5 7 
U 7 


2 H 

5 7 


I 
2 1 


1 






















1 1-4 


316 


55 9 


20 3 


» 9 


3.6 


1 7 


1 




















1 1-2 


499 


88 2 


32 0* 


15.6 


5 7 


2 8 


t 6 


1 


















2 


1024 


181 


65^7 


32 


11 7 


5 7 


3 2 


2 1 


1 
















2 1-2 


5700 


316 


115 


55 9 


30 3 


9 9 


5 7 


3 6 


' ' 


1 














3 




499 


181 


88 2 


32 


15 6 


8 9 


5 7 


2 8 16 


1 












3 1-2 




733 


266 


130 


47 


22 9 


13 1 


8 3 


4 1 2 3^15!] 










4 






370 


181 


65 7 


32 


18 3 


11 7 


5 7 3 2 2 1 1 1 4 


1 






4 1-2 1 




499 


243 


88 2 


43 


24 6 


15 6 


7 6 4 3 ; 2 8 ; 1 9 


1 3 1 






^> ! 






316 


15 


55 9 


32 1 20 3 


9 9 15 7 3 6.24 


17 13)1 












499 


.81 


88 2 


50 5 


32 


15 6 


8 9 


5 7 


3 8 


2 8 


2, 


1 6 


1 
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E equals (0.8G+4.8)x h— 

N N 
P equals American Briggs Standard. 
N equals Number ot threads per Inch. 
Total Taper %, inch per foot. 



Depth of Thread — 



Information regarding hangers for pipes from two Inches 
In diameter up to twenty-four Inches. This data is pub- 
lished below with the thought that sewer pipe manufac- 
turers and plants having hot floor dryers might be inter- 
ested In the accompanying figures which Illustrate how 
the pipe may be supported together with the dimensions of 
the pipe hanger parts and the safe load it will carry. 
Dimensions of Pipe — Hanger Parts 

l<eDBtIi 




■.4M 
S.110 
S.410 



for Standard Pipe 

time ago there was published In "Power" some 



li of a Pipe Hanger 



l\ 



u 



1^ 



4-1- 

Lay a straight edge on scales at the points for any two 
known guantltles and the unknown quantities will lie at 
the intersection of the straight edge with the other scales. 

67— BRICK BUILDING 

The Att^.-^can Society for Testing Materials has a series 
of tests B^iififtd "Standard Specifications for Plre Tests 
of MateM *1^''' rt Construction," which applies to Building 
Brick a^ ?J.lB *" utter materials. 
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462— PIPE AND PIPE FITTINGS 

£2qiialization Table 

This table is based upon the laws of fric- 
tion of gases in pipes, and is designed 
I- to equalize the combined capacities 
^j^ of a number of small pipes to that 
1 Qf tjjQ main conduit. 

EXAMPLE — It is desired to 
connect thirty 8-inch pipes 
to one main, the prob- 
lem being to deter- 
mine the diameter 
of the latter. 
The usual 




rule would be to multiply the area of an 8-inch pipe by 
30, resulting in a 44-inch main. By the table, it will be 
seen that thirty 8-inch pipes require a main of only 31 
inches in diameter to carry the same volume of air. 

The figures at the top of the column are the diameters 
of the branches, those at the left-hand side the diameter 
of the mains. 



463— PIPE COVERINGS 

Pipe Covering Speciflcations 

The following information Is abridged from the Specifi- 
cations of the Magnesia Association of America and covers 
the subject fully. 

All coverings of "85% Magnesia" consist of not less 
than 85% Magnesium Carbonate with sufficient asbestos 
fiber to give it structural strength. 

Pipe-Covering Sections are 3 ft. long, made in halves 
for all sizes up to 10 in. pipe, and in segments for larger 
sizes. 

Table No. 2 
"85% Magnesia" Coverings for Boilers, Drums, Etc. 



For 


Thick- 
ness Ist 
Coat 


Kind 


Extra 
Cover- 
ing 


Total 
Thick- 
ness 


Not€« on 
Application 


Boilers and 
Drums 


2 in. 


Block 


1 in. 
plastic 


Bin. 


Finish with haixl 
finishing cement 
to tops of walls, 
etc. 


Drum-«nd8 


Bin. 


Block and 
plastic, 
or all 
plastic 




Bin. 

• 


Wired on. Fin- 






ish as above. 


Boiler-walls 


2 in. 


Block and 
plastic, 
or all 
plastic 




2 in. 


Apply o n ex- 
panded metal 
lath or V-rib 
netting. Case 
with metal to 4 
ft. from floor 




• 


Breechings 




(See 


Boilers) 




On \A in. wire- 






cloth with 1 in. 
V-iron attached. 


Heating 
Systems: 
Heaters, 


Mini- 
mum 

IJ^in. 






To equal 
thickness 
of pipe 
covering. 




Receivers, 
Retum- 
[ Tanks, 
Traps, 
etc. 








Air Ducts, 


1 in. 


Block 


■ 


1 in. 


Wired on with 


Flues, Fan- 
casings, 4 
coils, etc. 




No. 18 galVd 
wire. All joints 
pointed with 
plastic. Edges 
protected with 
light metal L- 
edging. 



Table No. 1 
85% Magnesia" Coverings for Steam-Pipes 



For 


Size of Pipe 


Thickness Ist 
Coat 


Kind 


Extra 
Covering 


Total 
Thickness 


Notes on 
Application 


Pressures to 100 lbs. 


J^ in. to 13^ in. 
2 in. to 33^ m. 
4 in. to 6 in. 
7 in. to 10 in. 
larger sizes 


lA in. 

Us in. 
IJiin. 

iMin. 


Sectional 




lArin. 
l^-^in. 
IJiin. 
13^2 in. 




♦(Standard thick- 


Sectional 






ness) 


Sectional 








Sectional 








Segments 














Heating Systems . . . 




as above.. . . 
























Pressures 

100-150 lbs 


All sizes 


Double Stan 


dard Thickness 


1 V^ in 




\ 


150 lbs. 






and over 


All sizes 


1 1/2 in. 


Sectional 


Sectional 


Bin. 








All joints broken (butt and lateral.) 
\ 1st layer wired on with No. 18 

wire. All cracks filled with plastic 

"85% Magnesia." 


Superheat 


All sizes 


Double 
13^ in 


Sectional 


3^ in. Plastic. . . 


BJ^in. 






Drips (Superheat) . . 


All sizes 


kness (above) 
kness (above) 
kness (above) 
kness (above) 


Sectional 

* 

* 
* 
* 


J^ in. Plastic. . 


2 in. 


Drips (Saturated) . . 
Boiler-feed. 


See Standard Thic 
See Standard Thic 
See Standard Thic 
See Standard Thic 


/ 


FochauRt. . 




Retmn 
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Block CoverlngB are: 3 in. x 18 in., 3 in. x 36 in., 6 in. 
X 18 in., and 6 in. x 36 in. 

Radiation Loss in UncoTered Iron Pipes 

Units of heat (B. t. u.) emitted, per square foot, per hr. 
Temperature of air = 70 deg. F. 



Mean 
temperature 

of pipes, 

Fahrenheit 

di^rees 


By convection 

A 


By 

radiation 
alone 


By convection 

and radiation 

combined 

A 


Air still 


Air moving 


r 

Air stiU 


.A.ir moving 


80 


5.04 


8.40 


7.43 


12.47 


15.83 


90 


11.84 


19.73 


15.31 


27.15 


35.04 


100 


19.53 


32.55 


23.47 


43.00 


56.02 


110 


27.86 


46.43 


31.93 


57.79 


78.36 


120 


36.66 


61.10 


40.82 


77.48 


101.92 


130 


45.90 


76.50 


50.00 


95.90 


126.50 


140 


55.51 


92.52 


59.63 


115.14 


152.15 


150 


65.45 


109.18 


69.69 


135.14 


178.87 


160 


75.68 


126.13 


80.19 


155.87 


206.32 


170 


86.18 


143.30 


91.12 


177.30 


234.42 


180 


96.93 


161.55 


102.50 


199.43 


264.05 


190 


107.90 


179.83 


114.45 


222.35 


294.28 


200 


119.13 


198.55 


127.00 


246.13 


325.55 


210 


130.49 


217.48 


139.96 


270.49 


357.48 


220 


142.20 


237.00 


155.27 


297.47 


392.27 


230 


153.95 


256.58 


169.56 


323.51 


426.14 


240 


165.90 


279.83 


184.58 


350.48 


464.41 


250 


178.00 


296.66 


200.18 


378.18 


496.84 


260 


189.90 


316.50 


214.36 


404.26 


530.86 


. 270 


202.70 


337.83 


233.42 


436.12 


571.25 


280 


215.30 


358.85 


251.21 


466.51 


610.06 


290 


228.55 


380.91 


267.73 


496.28 


648.64 


300 


240.85 


401.41 


279.12 


519.97 


680.53 



HEAT LOSSES FROM UNINSULATED HOT SURFACES 



Temperature of surrounding air 70" F. 



steam 
PrcMure 
(Ganre) 



Tcfflpentnre ind 





10 

25 

50 

75 

100 

150 

200 

250 



steam 

mpenti 

(De». F.) 



Difference be- 
tween Temper- 
tare of Steam 
Surronnd- 
nrAIKDecF) 



212 
240 
267 
298 
820 
338 
366 
388 
406 



142 
170 
197 
228 
250 
268 
296 
318 
336 



LoaaPer 

Hour Per Sq.F. 

(B.T.U.'&) 



334 

426 

522.5 

644 

787.5 

820 

960 

1,079 

1,184 



Waate of 

Coal In Lh. 

PerSq.rt. 

Per rear 



298 

872 
458 
564 
646 
718 
840 
945 
1,086 



Number of Sq. 

Pt. of Snrtace 

That Waatca 

aTonofCoal 

in 1 Year 



6.82 
5.88 
4.87 
8.65 
3.10 
2.79 
2.88 
2.12 
1.98 



Above ftgures involving waste of coal are based on the following t 
10,000 B.T.U.*8 available per lb. of coal, which i» equivalent to a 

boiler cAcien^ of 70%, using coal with an assumed neat value of 

about 14,000 B.T.U.*8 per lb. 

The figures are very conservative, as both the boiler efficiency and 

the heat value of the coal are high— « lesser boiler efflden<7 or 

inferior grade of coal would cause even a greater waste in pounds of 

fueL 



Correct Thickness and Methods of Application of **85% 
Magnesia" CoTerlngs for Every Kind of Steam Service 
Heating Systems in Tunnels and other exposed places. 

Coyer all pipes with 1^ in. sectional "85% Magnesia." 
Oovering for Various Pressures and Temperatures 



STEAM 
FRESSUftES 



to 25 lbs. 

25 to 100 lbs. 

100 to 200 lbs. 



[igher Pressures^ 
or 
Superheat 



1 



STEAM 
TEMPERATURES 



212 to 267' F 
267 to 338 F 
338 to 388° F 



I 



388 to 500" F 
500 to 600* F. 



THICKNESS 
OF INSULATION 



r or Standard* 

IV2" 

2" or Double Standard* 



2y2'' 

3" 



For hidier temperatures obtain special reomnniendations 
'Staraard and Double Standard thickness apply to 86% Mag- 
nesia Insulation only— other thicknesses apply to all types of 
insulation. a 

It Is always preferable to applv insulation greater than 1%-inch 
tliidcnew In two or more layers with all Joints broken or staggered. 



^'Standard** thickness Is as shown in table No. 1. This 
is the regular thickness in which all coverings, are sup- 
plied. 

To insure satisfaction all workmen should be skilled 
pipe-coverers and care should be taken that the quan- 
tities and instructions specified in these tables are exactly 
followed. 

Outdoor Steam-Pipes. — Cover with double standard 
thickness protected with waterproof covering (see Finish). 

Finish for all coverings. — See description after table 
No. 3. 

Table No. 3 
''85% Magnesia" Coverings for Flanges and Fittings 



FITTINGS 


Thick- 
ness 


How Applied 


Finish 


Superheat 


2Hm. 


Blocks and plastic^or 
all plastic 


Canvas Jacket 


Superheat Drips 


2 in. 


as above 


Hosin Paper and 
Canvas 


Saturated (150 lbs. 
and over) 


2J^in. 


a u 


Canvas 


Saturated (100 lbs.) 


2 in. 


u u 


a 


Saturated (lefl8 than 
100) 


as pipes 


u u 


u 


Saturated Drips 


iHin. 


u u 


Rosin Paper and 
Canvas 


Flanges: 
For Superheat and 
Saturated steam 
over 100 lbs. 


2 in. 


Blocks and plastic, or 
aU plastic, applied 
on frames of H in- 
wire netting 


Canvas 


Less than 100 lbs. 


as pipe 


as above 


u 


Heating Service 


as pipe 


Blocks and plastic, 
wired on 


u 


Exhaust: 
Fittings or Flanges 


as pipe 


Blocks and plastic, or 
plied on frames of 
ting. 


all plastic, ap- 
H in. wire net- 
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Finish for All Pipes 

Canvas Jacket. — All "85% Magnesia" coverings shall be 
finished with standard canvas jacket. 

Extra Covering. — A second covering of canvas well 
sewed on with approximately 3 stitches per inch also af- 
fords greatly increased protection. 

Rosin-sized Paper. — All exposed coverings when liable 
to damage should first be covered with rosin-sized sheath- 
ing-paper to be followed by canvas jacket as above. 

Painting. — All canvas coverings should be sized and 
painted 2 coats of standard lead-and-oil color. 

Bands. — Where required, metal bands shall be applied 
at distances not exceeding 18 inches apart. 

Bolts, Manholes, etc. — All coverings should be neatly 
cut away and beveled to allow sufficient space for removal 
without injury to the covering. 

Heating-Pipes. — Should be covered with canvas jacket 
and bound with black japanned bands, not more than 18 
inches apart. 

For Out-of-doors and Similar exposed positions. — Finish 
with 3-ply waterproof roofing in place o£ canvas. Apply 
with lapped joints, wired with No. 16 copper wires, not 
over 8 inches apart. 

263— FIRE BRICK 

Fire Brick Required in Plain Walls: 1 square foot 4^- 
inch wall requires 7 brick. 1 square foot 9-inch wall 
requires 14 brick. 1 square foot 13% -inch wall requires 
21 brick. 30 brick per square foot of 18-inch wall; 1 
cubic foot brickwork requires 17 9-inch brick; 7% brick 
to each Additional 4 or 4% inches in thickness of plain 
walls per a ^-re foot. 

To lay ?^ ft btict requires from 250 to 320 pounds of 
fire clay <,0OO " jjetnent. 
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491— POTTERY, MATERIALS USED IN MANU- 
FACTURE 

Softening Points at Bone-A^b-SlUcA Hlxtnivt 
(O. Nlelaon.") 



No. 


Fonnulft 


8iO,o/o 


Softening 
Point 








"C. 










1 




10 


1440 


2 


Cb^VD, ISiO. 


ia.2 


1450 










4 


C»J'rf),2SiO, 


27, ft 


IGOO 


6 




30 


1446 


6 


ChP,0,3SiO. 


3«8 


1630 






40 
43.7 




8 




Ca.Prf).48iO, 


1470 



•Slllka Ztr. 1913 CVI). 



HeltbiB Polnta of Silicates 
O. Stein* baa determined tlie melting points of the fol- 











Orthoclue 


OUrine 


Softening of the 


Softening 


Melting 






Cryital 


Mixture 






o/o 


o/o 


°C. 


"C. 


"C. 


"C. 


go 


10 


1230 


1300 


1120 


1150 


so 


20 


1230 


1300 


1120 


1150 






1220 








60 


40 


1260 


1325 


1130 


1160 


40 


60 


1270 


1380 


119S 


1240 



<b> Mixture of Orthoclase, OUvliie, and Anorthltet 



OrthD- 




dmne 


S^ii- 




m 


Enlol 










HiiUin 




GlM 






O/O 




o/o 


°c, 


°C 


-c 


"0 


-c. 


°C. 




9 


10 


1220 


12K0 


um 


1115 


1100 


1050 


72 


IS 


10 


rjm 


1270 


KWO 


1125 


1105 


1060 


63 


27 


10 


lAW 


laao 


1120 


1155 


1125 


1080 


54 


36 


10 


1280 


i;iS(i 


112.S 


UBS 


1150 


1080 


31 5 


58.5 


10 


1220 


13H0 


1230 


1270 


1240 


1170 



500— PULLEYS 



lowing Blllcatea: 






?0 


MetasiUcate 


Melting Point 


Orthodlicate 


Melting Point 


30 












B SiO, 


2000 


Be^iO, 


2000 




M^iO. 


1565 


MgiSiO. 


1000 


S 


CaSiO, 


1512 






1 












MnSiOi 


1470-1500 






JOO 


ZnSiO, 


1470 


Zn.8iO, 


14S4 


300 


SrSiO, 


1287 


StiSiO, 


1593 


400 


BaSiOi 


136S.5 






z 









•SiirwbnU, It OS, 1 



Softening Points of Poldspar Mlxtores 
M. Urkaa* baa observed that not only are tbe melting 
points of mixtnres of two crystalline substances lower 
than that of tbe more refractory conetltnent, but when 
sucb mixtures have been melted and allowed to cool, tbelr 
melting point Is often lower than that of tbe least refrac- 
tory constituent. The following results were obtained: 

(a) Mixtnres of Orthoclase Feldispar (K,0 AI,0, 6S10,) 
and Olivine (MgO SIOi) 



A Chart for Quick Pnlley 
CompntaCloiu 

This simple little chart 
does away wltb formulas for 
pulley computations. It will 
be found to be an exceed- 
ingly quick and satisfactory 
method of determining tbe 
sizes of two pulleys to be 
used In a drive, since In 
solving the problem it U only 
necessary to slide tbe paper 
from position "A" to posi- 
tion "B." 

For example, a motor run- 
ning at 1,200 r.p.m. ia to 
drive a line abaft at 300 
r.p.m. What slses of pulleys 
should be used? 

On the slip of paper In 
position "A" make marks op- 
posite 300 and 1,200, as 
shown on the chart. While 
it really is unnecessary. It 
might be well to write 300 
r.p.m. and 1,200 r.p.m. op- 
posite these marks for tbe 
sake of insuring correct re- 
sults. 

Then slide tbe slip of 
paper up to wherever yon 
want It. Position "B" Bhows 
that pulleys fifteen and sixty 
Inches In diameter, retpec- 
lively, will do the work very 
well. 

Of course. It these diam- 
eters are considered too 
large, Just move the slip a 
little higher until more suit- 
able diameters are specified. 
No matter where the slip Is 
placed, the ratio Is always 
correct — no flguring is neces- 

The chart also lends Itself 
readily to tbe solution ot 
Bucb a problem as, knowing 
tbe pulley diameters and 
fcnovrlng tbe speed of one ot 
tbe pulleys, what iB the 
speed of tbe other pulley? 

Where a series of pulleys 
are being planned or the di- 
mensions or speed must be 
accurate the formulas will 
give mora satisfactory re- 



Pulley Pormnlae 



BXS 

~ A 
AXB 



In which A=the diameter of tbe driver. 
In which B=the diameter of tbe driven (both taken In 
feet or Inches). 
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In which R=the revolutions of the driver. 

In which S=:the revolutions of the driven (both taken 
in the same interval of time). 

To Determine Horse Power of Pulleys 

Width of Single Leather Belt in Inches 
Diameter of Pulley in Inches 



Diam- 
eter of 


WIDTH OF SINGLE LEATHER BELT. IN INCHES 


Pulley. 

in 
Inches 


2 

0.5 
0.6 
0.7 
3.1 

» • • 
• • • 


3 

0.8 
1.0 
1.2 
4.8 

■ • • 
• • • 


4 

I.I 
1.3 
1.4 
6.4 
6.8 
7.1 
7.4 


5 

1.4 
1.6 
1.8 
7.9 
8.3 
8.8 
9.2 


6 

1.6 

1.8 

2.1 

9.4 

10.0 

10.5 

11.0 


8 

2.1 
2.4 
2.8 
12.6 
13.2 
14.0 
147 


10 

2.6 
3.0 
3.4 
15.6 
16.6 
17.4 
18.4 


12 

3.0 
3.6 
4.1 
18.8 
19.9 
20.9 
22.0 


14 

3.6 
4.2 
4.8 
22.0 
23.3 
24.5 
25.7 


16 

4.0 
4.8 
5.4 
25.2 
26.6 
28.0 
29.4 


18 

4.6 
5.4 
6.2 
28.3 
30.0 
31.5 
33.0 


20 

5.2 
6.0 
6.9 
31.4 
33.2 
35.0 
36.6 


22 

5.6 
6.6 
7.6 
34.6 
36.5 
38.4 
40.4 


24 

6.2 
7.2 
8.2 
37.6 
39.8 
42.0 
44.0 


26 


28 


30 


6 
7 




8 








36 








38 








40 
42 


45.4 
47.6 


49.9 
51.3 


52.4 
55.0 



The horse powers of all other pulleys whether larger, 
smaller or intermediate, are m direct proportion to those 
showiL The basis of the table is that a single leather belt 
one mch wide traveling at the rate of 600 feet per minute, or 
a double leather belt one inch wide, traveling at 382 feet per 
minute transmits one horse power. Working load of belt 
equals 55 pounds per inch of width of single belt To find 
horse power of double belts multioly the horse powers given 
in the table by ten-sevenths. This table is based on speed 
of 100 revolutions per minute in the case of either driving 
or driven pullejrs. 

501— PULLEYS, SPECIAL AND SLOTTED 
The Economy of Cork Inserts 

This is an important topic that has not been written 
about or discussed to such an extent as have other trans- 
mission devices. Why this is so is unexplalnable. It is a 
worthy subject because cork inserts are as much an econ- 
omy factor as the other devices that stop belt slip. The 
principal functions of the cork insert is to stop all avoid- 
able belt slip. In doing this considerable coal and money 
may be saved. 

To compute the cost of belt slip it is first necessary to 
find the percentage of belt slip. That is, if a driven pulley 
rotates only 92 times, whereas it should rotate 100 times 
the percentage of belt slip is 8 per cent., or 

100 — 92 

=8 per cent. 

100 

Then multiply the determined per cent, of slip by the 
number of tons of coal burned per year, and then by the 
cost of the coal per ton. Thus we have 

(2.000xl3x.08=:|480) 
the yearly cost of belt slip. 

Thus where 2,000 tons of coal are burned per year 
where coal costs |3 per ton, and where the over-all belt 
slip is eight per cent., the cost of the belt slip in terms 
of the coal pile alone is $480. 

To arrive at the actual and accurate cost of belt slip 
is not easy, however. It is plainly more than $480 in 
such a plant as above, because coal is not the only thing 
that is lost. The belts wear out more rapidly where there 
is slip, and the cost of this slip can only be approximated. 

Let us assume, for example, that with cork inserts a 
plant manages to keep its belts running for ten years. 
The first cost of the belts is, say, $5,000. The average 
cost, then, is $500 per year. Without cork inserts the 
belts wear out in eight years, and the average cost is $625 
per year. This would mean a saving of (1625—1500) 
1125 per year, or $1,250 In ten years. As these figures 
may not apply to every plants this formula may be used 
and the reader can substitute his own conditions. 

Formula for Finding Saving Due to Cork Inserts 

Dollars saved with cork inserts from belt cost stand- 
point only, equal 

(Nc— N) K 



N 
where Nc=life of belt in years with cork inserts, 

N=life of belt in years without cork inserts, 
K=first cost of belt in dollars. 

The cost of lost product must also be considered. The 
value of cork inserts appears here again, and the problem 
can be approximated mathematically. Let us take, for 



example, the above plant where over-all belt slip is 8 per 
cent, and where the output should be worth, without slip, 
$2,000 per day. With 8 per cent, slip it is evident that 
the machines are running 8 per cent, too slow and the 
product is, therefore, diminishing by 8 per cent. Hence, 
the daily output is approximately 

$2,000— ($2,000x8%)=$l,840 instead of $2,000. 

To make the formula clearer, and to enforce this cost 
on the mind of the plant owner, we have thrown It into 
this form: 

D 

Dollars output lost per day= — D 

1 — S 

where D=present daily output in dollars; 
S=per cent, of belt slip. 
Thus, if your present daily output amounts to $1,500, 
and if your over-all belt slip is 10 per cent., we have, 
after substituting in the formula 

1,500 

— $1,500=$1,667 — $1,500=$167. 

1 — .10 

One hundred and sixty-seven dollars lost per day is 
considerable and may mean the ruin of a small plant, 
unless discovered and rectified. This "product loss" is 
often saved by speeding up the driving engines or motors 
to the extent that after belt slip is deducted the final 
speed is what it should be anyway. That method is better 
than none at all, but it is not the best practice. The best 
practice is to eliminate all belt slip. 

Thus comes the cost of defective product. Where belt 
slip is permitted, the product frequently suffers on that 
account. The loss cannot be figured mathematically, be- 
cause it is too uncertain. It may vary from a trifiing to 
a very serious amount. To reduce this loss to the min- 
imum, belt slip must be completely eliminated. By so 
doing, all machines are. driven by steady speeds. There 
is no bunching here and thinning there. Production is 
uniform, day in and day out. Such is the ideal state as 
regards speed, and the value of cork inserts is further 
emphasized. 

See also entries in both Definition and Statistical Sec- 
tions under Countershaft, Shafting, Belting, Gear, Con- 
veyor, Belt and Drive, belt. 

504— PUMP 

General Information 

Boiler feed pumps of either the single or duplex type 
consume from 130 to 200 pounds of steam per horse 
power hour. Simple pumps to elevate water consume 
120 pounds of steam per horse power hour. 

To determine the horse power necessary to elevate water 
to a given height multiply the total weight of the column 
of water in pounds by the velocity of the water in feet 
per minute and divide the product by 33,000. In order 
to take care of friction and other losses, an allowance of 
25 per cent, should be made in this figure. 

To determine the capacity of a pump multiply the area 
of the water piston in inches, by the distance it travels 
in Inches, in a certain time. Divide this product by 231 
and the result will be the capacity in gallons in the time 
used. 

The ordinary speed of pumps is 100 feet of piston travel 
per minute. 

To find the quantity of water elevated In one minute, 
running at 100 feet per minute piston speed, square the 
diameter of the water cylinder in inches and multiply 
by 4. 

To find the diameter of a pump cylinder necessary to 
move a certain quantity of water at a piston speed of 
100 feet per minute, divide the number of gallons by 
four, and extract the square root of the result. This final 
result will be the required diameter in inches. In case 
of a duplex pump divide the number of gallons by two 
before starting the computation. 

To find the velocity in feet per minute necessary to 
discharge a given volume of water in a given time, mul- 
tiply the number of cubic feet of water by 144 and divide 
the result by the area of the pipe in inches. 

The area of a steam piston multiplied by the steam 
pressure gives the total amount of pressure exerted. The 
area of the water piston multiplied by the pressure of 
water per gquare inch gives the resistance. The power 
exerted Ux^ -f ije larger than the resistance by an amount 

SUfflclenf ^^ .^«ro tY\A nistnn a.t thA rAinnlrAH onaa^l 



sufficient 



racient T tnove the piston at tl 
See ai^^<> J^ ^^ etatlstlcal section. 



the piston at the required speed. 
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524— REFRACTORIES 

Heat Conductivity Data on Some Oonunercial Refractories 

Data on the heat conductiylCy of the different commer- 
cial refractories is very limited and such data as is pub- 
lished is somewhat confusing owing to the fact that the 
conditions of preparation or test are not comparable with 
industrial conditions. 

The data quoted in most engineering literature has been 
taken from the research by Wologdine and Queneau — 
Electro Chemical and Metallurgical Industry, Sept. and 
Oct., 1909. The data from this research bearing on heat 
conductivity is compiled in the following table: 

Table I. Heat Conductivity of Refractories by Wologdine 
and Queneau 



Type of 
Refractory 



Clay Fire Brick. . . 
Clay Fire Brick. . . 
Clay Fire Brick. . . 
Clay Fire Brick. . . 

Bauxite Brick .... 
Bauxite Brick .... 



Silica Brick 
Silica Brick 



Magnesite Brick . 
Magnesite Brick . 

Chromite Brick. . 
Chromite Brick.. 

Carbordm. Brick. 
Carbordm. Brick. 
Carbordm. Brick. 
Carbordm. Brick. 

Graphite Brick . . 
Graphite Brick . . 
Graphite Brick . . 



Deg. C. 

Burning 

Temp. 


Average Deg.C. Temp, 
of Test 


Average Heat 
Conductivity. 
Gram, calories, 
sec. Cm.* Cm. 
per 1<» C. di£f. 


Surface 


Lower 
Surface 


1050 

1300 
1050 
1300 


135 
250 
225 
225 


905 

865 

1160 

880 


0.0037 
0.0051 
0.0035 
0.0042 


1050 
1300 


155 
170 


1130 
1060 


0.0031 
0.0033 


1050 
1300 


110 
154 


1005 
928 


0.0020 
0.0031 


1050 
1300 


230 
185, 


1000 
915 


0.0058 
0.0060 


1050 
1300 


165 
120 


1050 
990 


0.0028 
0.0034 


1050 
1300 
1050 
1300 


267 
265 
175 
314 


695 

545 

1077 

757 


0.0145 
0.023 
0.0033 
0.014 


710 
1050 
1300 


152 
330 
357 


696 
575 
595 


0.0059 

0.024 

0.025 



Relative 

Heat 

Conductivity 



, 16.7% 

I 13.2% 
j 7.8% 
\ 28.4% 
I 22.8% 



I 



92.4% 



100.0% 



This data has the fault of unsatisfactory burning of the 
test specimens. The firing temperatures of the brick were 
1,050 deg. C. and 1,300 deg. C. or approximately cones 
05 and 9, respectively. The lowest temperature employed 
for burning any refractory is cone 12 or approximately 
1,370 deg. C, while the magnesite and chrome brick are 
burned at temperatures above 1,500 deg. C. It is, there- 
fore, doubtful whether the values presented in the pre- 
ceding article are reliable as representing the heat con- 
ductivities of the same refractories fired under normal 
temperatures. C. S. Kinnison, formerly with the U. S. 
Bureau of Standards, calls attention to this fault in the 
above data (see Brick & Clay Record, April 21, 1914) 
and explains that If the silica brick were fired at the nor- 
mal burning temperature of that refractory, it would have 
a heat conductivity equal to or greater than that of the 
fire clay brick. He indicates in the same article that the 
clay bonded quartzite brick should be superior to either 
silica or fire clay brick as regards heat conductivity. 

The next article on conductivity of refractories to ap- 
pear was The Thermal Conductivity of Refractory Mate- 
rials, by G. Douglll, H. J. Hodsman and J. W. Cobb — 
Jour. Sec. of Chem. Industry, Vol. 34, page 465, May 
15, 1915. 

The conductivity data in this article is contained in 
the Table II: 

All these test specimens were burned under Industrial 
conditions but unfortunately the burning temperatures are 
omitted from the article except in the case of the fire clay 
brick. It is also unfortunate that the test specimens 
varied so greatly in thickness. 

A recent contribution to data on heat conductivity of 
refractories is the article "Thermal Conductivity of Re- 
fractory Brick," by W. Van Rlnsum, Science Abstracts "B," 
Jan. 30, 1920, p. 18, also Chem. Abstracts, Vol. 14, No. 9, 
May 10, 1920, p. 1420. 

In the investigation of which the following is a progress 
report, no pretense is made to scientific methods of pro- 
cedure, the only consideration being the following: 



(a) The test specimens are normal samples of commer- 
cial ware on which the burning temperature is known. 

(b) The test specimens are of the same thickness so far 
as possible. All are exactly as made and burned except the 
magnesite brick which was tested in the original thick- 
ness and later cut down by grinding off one face, thus 
reducing it to the same thickness as the other specimens. 

Table n. Thermal Conductivity of Refractory Materials, 
By Douglll, Hodsman and Cobb 





Thick- 


'Deg.C. 


Deg.C. 






Specimen 


nea, 


Lower 


Upper 
Face 


Mean 


Remarks 




Inches 


Face 


Conductivity 




Fire Clay Brick. . . 


IH 


825 


260 


0.0029 


< 


Fire Clay Brick. . . 


VA 


970 


300 


0.0029 




Fire Clay Brick. . . 


m 


1080 


330 


0.0036 


Fired to 


Fire Clay Brick. . . 


m 


1100 


420 


0.0035 


Cone 


Fire Clay Brick. . . 


m 


1350 


510 


0.0039 


10-11 


Fire Clay Brick. . . 


m 


1440 


550 


0.0040 




Fire Clay Brick. . . 


VA 


1005 




0.00165 


Fired to 


Fire Clay Brick. . . 


IM 


1020 




0.00120 


Cone 


Siliceous Clay 










1 8-9 
[Many d- 
/Hca grs. 


Brick 


3 


1300 


310 


0.0025 




Silica Brick 


2H 


995 


295 


0.0030 




Silica Brick 


. 2J^ 


1210 


370 


0.0035 




Silica Brick 


2H 


1395 


440 


0.0042 




Magnesia Brick. . . 


23^ 


380 


270 


0.0170 




Magnesia Brick. . . 


2^ 


560 


325 


0.0151 




Magnesia Brick. . . 


2H 


600 


400 


0.0148 




Magnesia Brick. . . 


2M 


700 


450 


0.0132 




Magnesia Brick. . . 


2>^ 


750 


470 


0.0116 




Magnesia Brick. . . 


2H 


875 


525 


0.0110 




Magnesia Brick. . . 


2H 


1025 


580 


0.0101 




Magnesia Brick. . . 


2H 


1040 


590 


0.0098 




Magnesia Brick. . . 


2H 


1370 


690 


0.0091 





(c) The test furnace was an electrically heated furnace 
capable of maintaining an approximately constant tem- 
perature for a period of eight to ten hours. 

(d) Each test was continued until a state of practical 
equilibrium existed. To insure this, the test was continued 
until the temperature change on either side of the test 
specimen did not exceed five degrees per hour. 

(e) The conditions of test were maintained constant as 
regards drafts, the furnace being so located that the 
exposed face of the test specimen was cooled only by nor- 
mal radiation. 

(f) The same insulating arrangement is provided for 
all specimens. This consists of kieselguhr cleats cut to 
fit and extending three quarter inch over the edges of the 
brick, thus preventing radiation of heat along the line 
of contact between the furnace and the test specimen. 



Table TTT. Gives the Important Data on Thermal Conduc- 
tivity of Refractory Brick, by W. Van Rinsnm 


Specimen 


Chemical Analysis 


Kg. Calories per Hour, per Meter, 
per Deg. C. 


• 


SiOj 


AlsO. 


200Deg.C. 


600Deg.C 


1000D«.C. 


SiUca 

Silica 


96 


2 


0.48 
0.51 
0.68 
0.78 
0.72 

o.;2 

0.49 


0.81 
0.88 
0.94 
1.02 
0.85 

0.68 
0.64 
1.29 


1.13 
1.24 


Silica— quartzite 

Dinas 

Dinas 

File Clay (Chamotte) 
retort blocks 


95 
03 
66 


1 
33 
31 


1.20 
1.27 
0.98 

0.83 


Fire Clay (Chamotte) 






0.80 


Magnesite 






1 40 



(g) standardized copper — constantan thermocouples 
were used and the voltage measurements determined by 
means of a Leeds & Northrup potentiometer. 

The Test Furnace 

This is a Standard Type, F. B. 204, Hoskins Mfg. Co., 
furnace with hairpin type of heating units. The door has 
been removed and replaced by movable cleats of kieselguhr 
so cut that they insulate the edges of the test specimens. 
A thermocouple is inserted thru the back of the furnace 
and extends to within 2 cm. of the inside face of the test 
specimen when located in position in the kiln door. An- 
other thermocouple is looped over the top of the test 
specimen in such a way that it presses securely against 
the face of the center of the test piece on the furnace side. 
A third thermocouple is pressed tightly against the out- 
side of the test specimen directly opposite the inside con- 
tact couple. The object in having the extra thermocouple 



188 



CLAT PRODUCTS CYCLOPEDIA 



removed 2 cm. from the inside face of the trial piece is to 
furnish the actual temperature of the furnace, and thus 
show to what extent the contact couple is affected by the 
heat conductivity of the test specimen. 

The test data submitted indicates that the thermal con- 
ductivity of the test specimen distinctly influenced the 
temperatures of both the inside contact thermocouple and 
the thermocouple 2 cm. removed. 

No tests were attempted with insulation on the outside 
face of the brick but tests conducted in this manner are 
proposed and will be conducted later. 

The Test Specimens of Refractories 

These are standard splits which are 1^ inch thick 
and of the same other dimensions as standard fire brick. 
The Harbison Walker Refractories Co., of Pittsburgh, Pa., 
furnished the following: 

Fire clay brick "Benizet" brand fired at cone 1 3 

Bauxite brick fired at cone 1 5 

Silica brick "Star" brand fired at cone 17 

Magnesia brick fired at cone 20 

Chrome brick fired at approximately cone 26 

The M. D. Valentine & Bro. Co., of Woodbridge, N. J., 
furnished the following: 

N. J. clay brick, fired at cone 11 and 12. 
Interpretation of Data 

It becomes necessary to devise some system of express- 
ing the data in Table IV in comparable values and for 
convenience we will determine the temperature gradient. 

a— b 

Temperature gradient= 

d 
a:=temperature of hot side of test specimen. 
b=temperature of cold side of test specimen. 
d=diameter of test specimen expressed in cone. 

This formula is not absolutely accurate and where the 
diameters of test specimens differ, a distinct error is intro- 
duced by the use of the value "d." Comparison of the 
two values for magnesia brick at 4 and 3 cm. diameters 
support this opinion but more work must be done before 
a definite statement can be made. Such an error is, how- 
ever, not vital in this data, because all test specimens 
are practically the same diameter. 

Following the example of Wologdine and Queneau, it 
is also proposed to express the relative heat transfer of the 
different refractories as decimals of the heat transfer of 
some constant substance. 



Graphite brick was chosen as unity by Wologdine and 
Queneau, but this is not practical since it changes com- 
position on heating, due to oxidation of the graphite. A 
hard steel was finally chosen and from a bar of this a 
test specimen was cut of the same dimensions as the re- 
fractory test specimens. This was tested in the same 
manner as the other test specimens and the values pre- 
sented in Table V. 

Table V. Comparative Temperature Gradients 



specimen 



Normal Fire Clay. . . 
High Si02 Fire Clay. 

Bauxite 

Silica 

Magnesia 

Magnesia 

Chrome 

Hard Steel 



Diameter 
cm. 



3.1 

3.1 

3.1 

3.3 

4.0 

3.1 

3.15 

3.0 



Temperature 
Gradient 



174 
170 
163 
152 
125 
135 
108 
78 



Relative 
Transfer 
of heat 



0.448 
0.459 
0.478 
0.513 
0.624 
0.578 
0.722 
1.000 



The above values are merely relative and must be so con- 
sidered. The wisdom of using steel as unity is open to 
question, since its absorption and radiation properties are 
widely different from those of the refractories. The 
relative heat conductivity may or may not be proportional 
to the temperature gradient of the different refractories. 
If it is proportional, then the relative values of the re- 
fractories as heat insulators would be as follows: 

Fire clay refractory 1.00 

High silica clay refractory 0.974 

Bauxite refractory 0.937 

Silica refractory 0.873 

Magnesia refractory 0.776 

Chrome refractory 0.621- 

The infiuence of having an insulating material of con- 
stant thickness and composition over the outside surface 
of the test specimens has not been studied. The imbedding 
of the thermocouple terminals in the refractories may also 
result in very different values. 

The foregoing data was presented by Arthur S. Watts 
with the hope that discussion might be created and a 
decision reached as to whether this t3npe of data has 
definite importance in the measurement of industrial values 
of refractory products. 



Table IV. Data on Heat Conductivity of Refractories, by Arthur S. Watts 

Legend of Temperatures: 

Couple inside furnace 2 cm. from test specimen. 
Couple inside furnace in contact with test specimen. 
Couple outside furnace in contact with test specimen. 



SPECIMEN 



Fixe Clay "Bemxet'* 3.1 cm. thick, cone 13 



N. J. Fire Clay, 3.1 cm. thick, cone 12. 



Bauxite, 3.1 cm. thick, cone 15. 



Silica, 3.3 cm. thick, cone 17. 



Magnesia, 4. om. thick, cone 20 



Magnesia, 3.1 cm. thick, cone 20 



Chrome, 3.15 cm. thick, cone 26. 



Hard Steel, .85 carbon, 3.0 cm. thick. 



Temperature at End of Time Indicated. 



3Hr. 



825 
815 

308 

810 
803 
308 

750 
740 
298 

738 
713 
291 

725 
710 
316 



630 
580 
270 

670 
625 
402 



S}4 Hr. 


4 Hr. 


836 
828 
315 

820 
818 
317 

730 
718 
340 


858 
855 
325 

820 
810 
335 

810 
810 
330 

822 
818 
335 

787 
785 
380 












710 
666 
440 
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4M Hr. 



840 
836 
320 



836 
834 
335 



5 Hr. 



860 
858 
325 



846 
844 
340 

832 
825 
335 



bH Hr. 



854 
854 
330 



6 Hr. 



868 
865 
330 

854 
854 
335 

850 
837 
342 

854 
850 
348 

832 
827 
338 



6M Hr. 



860 
858 
335 

857 
850 
343 

858 

>855 

350 



806 
804 
385 



7 Hr. 




875 
870 
330 



859 
854 
347 

860 
855 
353 

843 
835 
344 



795 
775 
436 

758 
710 
475 



73^ Hr. 



865 
862 
335 

862 
856 
347 



8 Hr. 



877 
870 
330 



865 
856 
350 



854 
846 
347 



795 
780 
440 

760 
715 
480 
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Load Test 

The AmeiicMi Society for Testing Materials Has Adopted 
the Following Standard Test for Kefractory Materials 
Coder Load at High Temperatures, 

The object ol this test Is to determine the reeistance of 
the specimen to deformatioa at a BpectSed temperature 
for a specified time, when subjected to a, compresslTe load 
of 26 lb. per sq. In. (1.765 kg. per sq. cm.). 

The apparatus consists essentially of a furnace and 
loading device. It shall be constructed in accordance 
with FlSB. 1 and 2. 

The furnace shall be cylindrical in form, IS In. (467 
mm.) In internal diameter, as shown in Fig. 1. 

The heating shall be done with gaaeous or oil fuel and 
compressed air. using not less than two burners located 
tangentlally and so arranged that no flame can impinge 
upon the test specimen. The burners shall be such as 
will Insure a uniform temperature In all parts of the 
furnace and be under complete control. 

The method of loading shown In Fig. 1 shall be used, 
and the details shall be such as will insure accuracy In 
the applied load and freedom from eccentric loading, both 
In the original application and during the test. It Is 
advantageous to make the cross-beams as light as possible, 
BO that the greater portion of the load may be concentrated 
In the weights. 

The temperature may be measured either with a cali- 
brated platinum-rhodium thermocouple, encased in a 
double protecting tube with the Junction not more than 
1 In. (25 mm.) from the side or edge of the specimen 
and approximately opposite the center; or with some form 
of optical pyrometer that has been calibrated against a 
thermocouple In the furnace. If the thermocouple is 
used, the cold-end temperature should be kept constant in 



melted Ice. A recording form of indicator is recom- 
mended where possible. 

The test specimen shall consist, whenever possible, of 
a standard 9-Inch brick placed vertically on end. In the 
case of blocks or shapes, sections approximately 9 by 
i% by 2^ in. (22S by 114 by 64 mm.) shall be cut, 
utilizing as far as poBslble existing plane surfaces. The 
ends of the specimen shall be either ground so that they 
are parallel and perpendicular to the vertical axis, or It 
this la impossible, shall be bedded in a neutral cement, 
so that the specimen Is perpendicular to the base of the 
furnace. 

The test specimen shall be measured before testing, 
making not less than five observations In each direction 
to within -I- or — 0.02 in. (0.5 mm.). The average di- 
mensions shall be reported, and the cross-section calcu- 
lated. 

The test specimen shall occupy approximately the 
center of the furnace and should rest on a block of some 
highly refractory material, having a minimum expansion 
or contraction. A silicon-carbide brick has been found 
satisfactory. At the top ol the test specimen a block of 
similar highly refractory material should be placed, ex- 
tending thru the furnace top to receive the load. 

NOTE. — OroBB errorji which mar more than double the con- 
traction will result It the apeelmen la not set perpendicular to 
the base of the support or If the load Ih eccentrically applied. 

The rate of heating shall be in accordance with the 
requirements of Table I and the time-temperature curves 
of Fig. 3, which give the rate and time of heating sug- 
gested for different grades of material. 

The load Is calculated from the average cross-section 
as determined on the untested specimen and the require- 
ment of the test. It Is recommended that tor general 
purposes, 26 lb. per sq. in. (1.765 kg. per sq. cm.) be 
used. 
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The addlUonal masses required to give the desired 
loRdlDK Bhonld be equally distributed on each side of 
the beam. 



note:. — It is recommended Uutt a. photograph be i 
the Bpeclnten before and after testlnK. as yielding ^ 
.__ i^j ^ minimum time and expense. 




Fls. S. flpeiJlal Bkayc* Rcaalied tor FnrHaee 

At the expiration of the time ol heating, the supply 
of heat shall be stopped and the lumace allowed to cool, 
durlDE not less than 6 hours before removlns the load 
and examtnlns the test specimen. 

NOTE. — The Bpeclmen shall be examined Immediately atter 
the heatlne la stopped for evidences of cracking and Hpallins, 
as such defects may develop later due to the rapid cooling- of 
the furnace- 
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FIc. 8. Ttnaa-Tempera 



9 Onrre for I>aad Teat 



Table I. Temperature to be Attained at Time ^e 


dfled 




... 


FirfClar 


Time 


IMW 


Modente 


dS" 


Hr. Min. 


10 
80 
140 

200 
260 
290 
300 

310 
320 
385 

490 

590 
695 

soo 

900 

1000 
1100 
1200 
1250 

1300 
1350 
13S0 
1410 

1440 
1470 
1500 
1500 

IGOO 
1500 
1500 
1500 

ISOOOBkid) 


160 
280 
400 

500 
620 
720 
815 

000 

gso 

1045 
1100 

1150 
1195 
1235 
1270 

1300 
1330 
13eO 
1350 

1350 
1350 
1350 
1350 

1360(End) 


160 
280 
400 

500 
595 
6S6 
770 

850 
920 
900 
1060 

1100 
1145 

1185 
1220 

1250 
1275 
1300 
1300 

1300 
1300 
1300 
1300 

1300(Ead) 


160 




280 








500 








640 




700 








810 












960 












1060 


4 


1075 
1090 








1100 




1100 








1100 




1100 
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After the test specimen has cooled to the room tem- 
perature, It shall be remeaeured as before described, and 
the change in length recorded and reported as percentage 
ol the original length. 



Porosity and Permanent Volitme Change 

Tbe American Society for Testing HaterialB Has Adopted 
the Following Standard Test for Porosity and Pemument 
Volume Changes in Refractory Materials: 

Tbe object of this test is to determine the porosity 
and permanent Toiume changes In refractory materials 
when heated to series of specifled temperatures. 

The sample shall consist of at least seven standard-size 
brick. 

Test specimens measuring 2^ by 2^ by 1^ in. shall 
be cut so as to remove the original surfaces of the brick; 
for this a "cut off" grinding wheel is recommended. There 
should be five teat specimens for each of tbe seven heat 
treatments apeclfled below or 35 test specimens for each 
kind of brick. The test specimens shall be brushed or 
washed free from all adhering dust and marked serially 
with a refractory stain, for which 5 per cent, cobalt-kaoltn 
mixture Is suggested. 

After the test specimens have been cut and cleaned, they 
shall be dried and the volumes and porosity of each 
obtained as described on page 192. They shall be heated 
as specified below, and the changes In volume and porosity 
determined. 

Dry the test pieces prior to placing In the ktln. 

Raise the temperature as rapidly as Is consistent with 
even heat distribution to 1200 deg. C. Prom 1200 deg. 
C. raise tbe temperature at the rate of 30 deg, per hour, 
drawing samples at each GO deg. Interval from 1200 to 
1500 deg. C. 

It it Is possible and the number of brands being test- 
ed warrant, H is best that separate burns to each temper- 
ature yj made and the kiln sealed and allowed to cool by 
radiatt^ Va cEise separate bums cannot be made, the five 
test SyT , aM tf)™ each temperature Increment should 
be CnP^ClI'^ Ifitb hot sand Immediately on being drawn; 
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or placed In a supplementary furnace and kept at about 
500 deg. C. until all drawings are completed, and then 
cooled with the furnace sealed to cool wholly by radiation. 
Method of Obtaining Data 

The test specimens shall be cleaned from adhering or 
loosely attached pieces and particles, care being taken 
not to alter the exterior yolume - as originally prepared 
for this test. 

The test specimens shall be heated if necessary to 110 
deg. C. to remove moisture, and their dry weight (D) 
obtained to 0.10 g. 

The test specimens shall be placed in kerosene of 
known density (fy) under a vacuum of 25 in. for four 
hours at 25 deg. C. and cooled to room temperature while 
yet immersed. 

When cool, each test specimen shall be weighed sus- 
pended in kerosene at 25 deg. C. to determine its Sus- 
pended Weight (S), in grams. 

The Saturated Weight (W), in grams, of each test 
specimen shall be obtained immediately after obtaining 
the suspended weight, by drying lightly with a kerosene- 
moistened towel to remove the excess kerosene and then 
weighing in air. 

The Exterior Volume (V), in cubic centimeters, of each 
test specimen is obtained by subtracting the suspended 
weight (S) from the saturated weight (W), and divid- 
ing by the density (S) of the kerosene. Thus, 

W— S 
V= (1) 

8 

The Actual Volume of Open Pores (V,), in cubic centi- 
meters, is obtained by subtracting the dry weight (D) 
from the saturated weight (W), and dividing by the 
density (g). of the kerosene. Thus: 

W— D 
V,= (2) 

8 

The Apparent Specific Gravity (T,)'of that portion of 
the test specimen which is impervious to liquid is obtained 
by dividing the dry weight by the difference between the 
dry and suspended weights, and multiplying by the density 
of the kerosene. Thus, 

D 

T,= 8 (3) 

D— S 

The True Specific Gravity (T) of the wholly solid or 
burned clay portion is obtained by crushing a portion of 
the dried test specimen to 120-mesh powder and determin- 
ing the displacement at 25 deg. C. under 24 in. vacuum, of 
a 20-g. sample in a 50-cc. straight-wall pyknometer using 
kerosene, and correcting for density of the kerosene. 

The Volume of Sealed Pores (VO, in cubic centimeters, 
is obtained by subtracting the quotient of dry weight (D) 
divided by true specific gravity (T) from the volume 'of 
the impervious portion of the test specimen; or 

(D— S) D 

V,= -— (4) 

8 T 

The Volume Shrinkage is obtained by subtracting the 

W— S 

volumes, that Is, the values of , before and after 

the heat treatment. 8 

. To show progressive changes in the several volumes, 

refer all volumes back to the original exterior volume of 

the test specimen as 100. This is done by multiplying all 

volumes by the factor 100/V, in which V is the exterior 

volume of the test specimen prior to the subjection to heat 

treatment. 

The volume data should be determined for each test 
specimen and multiplied by the above factor to reduce 
all volumes for each test specimen to terms of 100 origi- 
nal exterior volumes of that test specimen before the 
average of the five for each heat treatment is calculated. 

Slagging Action 

The American Society for Testing Materials has sug- 
gested the following tentative method of test for slag- 
ging action of refractory materials. 

Select three or more of the bricks to be tested. Draw 
upon the smooth or unbranded side a line bisecting each 
brick across the narrow dimension. Draw diagonals 
across each half. The points of intersection of the diag- 
onals locate the centers of rings. Where samples do not 
conform to the standard 9-in. brick, one or more points 
may be located on any flat smooth surface, provided the 
centers of rings do not approach closer than 2 in. to any 



edge of that surface, and if more than one point is chosen, 
the centers lie not closer than 4% in. from each other. 

The rings used are made from clay, molded under pressure, 
dried and burned. The mix from which the rings are made 
is as follows: 

55 per cent., by weight, of highly refractory flint clay, 
calcined and ground to pass a 20 -mesh sieve and remain on 
a 60-mesh sieve; 

45 per cent., by weight, of first-quality plastic fire day 
ground to pass a 20 -mesh sieve. 

Approximately 9 per cent, by weight of water is added to 
the above mix and the whole is then thoroly mixed and 
finally rubbed thru a 10-mesh sieve. The best results 
are obtained if at this point the mix is allowed to stand for 
a few days, precaution being taken to prevent evaporation 
of the water. 

The ringrs are molded in a four-piece steel mold, "Fig. 1. 
The two pieces A and C engage dowel pins in the base plate. 
In molding the rings, the various parts are first assembled. 
The sleeve B is then removed and a weighed amount of the 
prepared ring mix is placed in the space between the parts 
A and C, care being taken to spread the mix as uniformly 
as possible. Experiment will be necessary to determine the 
weight of clay mix necessary to grive the proper sized ring. 
The sleeve B is then replaced and subjected to a downward 
pressure of approximately 700 lb. per sq. in. The mold is 
then removed from the press and inverted upon a solid sup- 
port. The base plate is next taken oti and the ring then 
ejected by pressure upon the parts A and C. The ring after 
removal is dried and burned to 1350 deg. C. (2462 deg. F.). 

The rings shall be 2^ in. in inside diameter, and % 
in. deep, and with walls ^ in. thick. The rings shall be 
made of well-burned clay and shall be cemented on the 
brick with a refractory cement.^ The brick surface en^ 
closed within the ring shall be free from all foreign 
material. 

For general use a synthetic slag* shall be used as a 
solvent. This slag shall be ground until it will pass a 
40-mesh sieve. 

The brick shall be placed level on the hearth of a 
cold furnace and heated to 1350 deg. C. (2462 deg. F.), 
attaining this temperature in a time not less than 6 hours. 
Thirty-five grams of powdered slag shall then be intro- 
duced by a metal spoon or equivalent device, avoiding 
scattering it upon the sides of the ring. The temperature 
shall then be held as nearly as possible at 1360 deg. C. 
(2462 deg. F.), for 2 hours; the fiuctuations should not 
exceed 10 deg. C. (18 deg. F.) above or below this point. 
The furnace shall then be allowed to cool without remov- 
ing the brick. An oxidizing condition shall be main- 
tained in the furnace thruout the test. 

When cold, the brick shall be sawed so that one of the 
sawed surfaces accurately bisects the center of the rings, 
but it will be permissible to nick and break the brick, 



^The mix used in cementing the rings on the brick is as 
follows: 

46.6 per cent., by weight, of first-quality fire clay ground 
to pass a 100-mesh sieve; 

46.5 per cent., by weight, of first-quality silica brick ground 
to pass a 100-mesh sieve; 

7 per cent., by weight, of sodium silicate (Baume 50 deg.). 

Sufllclent water is. added to the above mix to give a sirupy 
consistency. 

The position the ring is to occupy on the brick is first 
marked by running a pencil around both the inner and outer 
circumferences of the ring when laid in position, thus outlin- 
ing the surface of the brick touched by the ring. On this 
marked surface a coating of the above cement about 1/32 in. 
thick is applied with a brush and the ring firmly pressed into 
place with a circular or twisting motion, while the cement 
Is still soft. If the surface of the brick Is rougrh it may be 
necessary to coat the lower surface of the ring also before 
placing it upon the brick. 

^For general use with this test, a synthetic slag has been 
developed of the following composition: 

Silica (SiOa) 19.00 per cent. 

Alumina, (AlxOi) 12.89 per cent. 

Iron Oxide (Fe»04) 15.73 per cent. 

Lime (CaO) 33.50 per cent. 

Magnesia (MgO) 6.93 per cent. 

Manganese (MnO) 3.52 per cent. 

Sodium Oxide 8.50 per cent. 

Melting Point of above slag. . 1270 deg. C. 

The materials as weighed out to give a pound of melted 
slag are as follows: 

Silica 72 grams 

Alumina 58 grams 

Ferric Oxide 80 grrams 

Calcium Carbonate 304 grams 

Magrneslum Oxide 39 grrams 

Manganese Dioxide 24 grams 

Sodium Carbonate 66 grams 

Any multiple of the above quantity may be used. 

Ground silica brick Is used as a source of silica. All other 
materials are c. p. chemicals. All materials should be suffi- 
ciently fine to pass a 40-mesh sieve and after being weighed 
out must be carefully and thoroly mixed. Melting Is per- 
formed In a plumbago crucible at a temperature of approxi- 
mately 1350 deg. C. (2462 deg. F.). The mix should be placed 
in the crucible before heating. 

The slag when melted Is poured into a suitable receptacle 
and cooled. After cooling, the slag is ground and is then 
ready for use. 
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VBrtjul Section 




Hr. Hunt's flgures for ultimate strength, based upon 
testa of luU-BlEed Bpeclmens of manlla rope made by three 
Independent rop'e-walka and purchased In open market, 
are practically Identical with thoee given in our table 
above, as are also those ot Prof. B, Klrsch of the Imperial 
Royal Technological Industrial Museum, Vienna, quoted 
by Mr. Hunt. 

See also Drire, rope. 

533— ROPE, WIRE 

Rope, Wlrft^for tncUned Planes. 

The following table gives the etress produced In a rope 
by a load of one ton of 2,000 pounds, an allowance for 
rolling friction being made. An additional allowance 
(or the weight of the rope should be made. 

Example. — For an Inclination of 2E ft. in 100 ft., cor- 
responding to an angle of 14° 02', a load ot Z.OOO 
pounds, will produce a stress in the rope ot S26 pounds, 
and tor a load of 8,000 pounds the stress In the rope wl]I 
535x8.000 

be =2,100 pounds. 

2,000 



Block 'A*: 

A&SEMBLY 

OiTAik. Views . Views . 

Ftc. I.— Mold for MoMlnr Ringi 

I that there is no greater 
n ft in. 

The wheel used tor sawlns the brjck Is a slllcon-carblde 
wheel, 12 in, in diameter. ^ In. thick, l^ In. diameter ot center 
hole, grit 16. This wheel is known aa a vulcanite wheel. 

532— ROPE, MANILA 

sizes ot Snatch Blocks tor Manila Bope 



Length of Shell in 












6 


Vs 










8 


1 






IK 




12 


IH 




14 












18 


2H 


10 x3 xlH 


20 


2H 


11 x3HxlK 






llHxiHxVA 





inj,. 




Ri« 


^T 




































Feet 




Poundi 


F«t 




Pound. 


6 


2''62' 


140 


105 


48°24' 


14S4 


10 


5''43' 


240 


110 


47''4t' 


1516 


15 


8°3V 


336 


115 


48°59' 


1546 














26 


14°02' 


525 


125 


61-^ 


1597 


30 


16''43' 


613 


130 


sst*- 


1620 








135 


63°28' 




40 


21 '48' 


782 


140 


64°28' 


1663 


46 


24'']4' 


860 


145 


66'24' 


1682 


60 


26°34' 


93S 


150 


66'19' 


leoo 


66 


23''49' 


1003 


156 


67°10' 


1716 


60 


aO'SS' 


1067 


160 


58'W 


1730 


65 


33°01' 


1128 


165 


68='47' 


1744 


70 












75 


36''52' 


1238 


175 


60°15' 


1771 


80 


38''40' 


1287 


180 


60=57' 


1787 




40°22' 


1332 








90 


41°5S' 


1375 


ISO 


62°14' 


1804 


95 


43°32' 


1415 


195 


62=51' 


1813 


100 




1450 


200 


63'26' 


1822 



A factor of safety of Ave to seven times should be 
taken: that is, the working load oo the rope should only 
be one-flfth to one-seventh of its breaking strength. As 
a rule, ropes for shafts should have a factor of safety ot 
five, and on inclined planes, where the wear is much 
greater, the factor of safety should he aeven. 

26— BABBITT METAL 

AnalyM* at Bearlnc-oieM AUeyi. 



Working Loads 

For manila ropes from 1 to 1% ins. diam., running at 
different speeds over sheaves of the dlams. stated, C. W. 
Hunt (Trans. Am. Soc. Mecfal. Bngra., Vol. XXIII, 1801) 
gives a table embodying approilmately the following re- 
sults of experience. Working load ^ C multiplied by 
ultimate strength of new rope. D — mlulmum dlam. of 
sheave, in Ins. 

1" 1%" 

rope rope 

Speed Ft. per mtn. As tor work on C D D 

Slow.... 50 to 100 Derrick, crane, quarry. 0,140 8 14 

Medium .160 to 300 Wharf, cargo 0.056 12 IS 

Rapid ,, .400 to 800 ...0.028 40 70 

Such ropes wear out rapidly. A rope 1 % ins. dlam. 
wears out In lifting from 7,000 to 10,000 tons of coal. 
On the other hand, 1 ^ in. transmission ropes, running 
5.000 ft. per mln. and carrjfing 1.000 H, P. over sheaves 
5 ft. and 17 ft. In dlam., last for years. 
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562— SEWER PIPE 

The Following Spedflcatloiis and Tests Are Excerpts from 
the Standard Speciflcations Adopted by the American 
Society for Testing Materials for day Sewer Pipe. 

Physical Tests 
The physical tests of pipes shall include: Crushing 
test, hydrostatic pressure test, and absorption test* 

(A) Crushing Tests 

(a) Any prime mover or hand power which will apply 
the load at a uniform rate of about 2,000 lbs. per minute, 
or in increments of not more than 100 lbs. at the same 
rate, may be used in making the test. 

(b) The pipe shall not be allowed to stand under load 
longer than is required to apply the load and to observe 
and record it. 

(c) The testing machine shall be substantial and rigid 
thruout, so that the distribution of the load will not be 
affected appreciably by the deformation or yielding of any 
part. 

(d) The bearings and the specimen shall be accur- 
ately centered so as to secure a symmetrical distribution 
of the loading on each side of the center of the pipe in 
every direction. 

(e) The load shall be applied until the pipe yields by 
cracks passing thru the shell. 

(See Fig. 1, below). — Except as otherwise hereinafter 
specified, the pipe to be tested shall be supported by a 
metallic knife bearing 1 in. wide and extended from a point 
Just back of the socket to the spigot end of the pipe. 
Before the pipe is placed a fillet of plaster of Paris and 
sand 1 in. wide, and thick enough to compensate for all 
the inequalities of the pipe barrel, shall be cast on the 
surface of the knife-edge bearing. The pipe shall be 
placed upon the fillet while the plaster of Paris is still 
somewhat plastic. The load shall be applied thru an 
upper knife bearing of the same size and length as the 
lower bearing. A plaster of Paris fillet 1 in. wide shall 
be cast along the length of the crown of the pipe to 
equalize the lower bearing before the upper one is 
brought into contact. 



Both of the bearings shall be sufficiently rigid to trans- 
mit and receive uniform loads thruout their lengths with- 
out defiection, and shall be so attached lo the machine as 
to transmit and receive the maximum stresses produced 
by the tests without lost motion, vibration or sudden 
shock. 

At the option of the consumer or purchaser the crush- 
ing test may be applied with sand bearings or with two 
or three-edge bearings. 

The crushing strength shall be calculated by dividing 
the total load required to break each pipe by the net in- 
side length of the barrel of the pipe, measuring from the 
bottom of the socket to the end of the spigot; and by 
then multiplying the quotient by the following factors: 

For knife or two-edge bearings 10/7 

For three-edge bearings 10/7 

For Sand bearings 1.00 

(See Fig. 2, below). — ^When three-edge bearings are 
used, the ends of each specimen of pipe shall be accur- 
ately marked in halves of the circumference prior to the 
test. 

The two lower bearings shall consist of two wooden 
strips with vertical sides, each strip having its interior 
top corner rounded to a radius of approximately % in. 
They shall be straight, and shall be securely fastened to 
a rigid block with their interior vertical sides 1 in. apart. 

The upper bearing shall be a wooden block, straight 
and true from end to end. 

The test load shall be applied thru the upper bearing 
block in such a way as to leave the bearing free to move 
in a vertical plane passing midway between the lower 
bearings. 

In testing a pipe which is "out of straight," the lines 
of the bearings chosen shall be from those which appear 
to give most favorable conditions for fair bearings. 

(See Fig. 3, below). — When sand bearings are used, 
the ends of each specimen of pipe shall be accurately 
marked prior to the test in quarters of the circumference. 
Specimens shall be carefully bedded, above and below, 
in sand, for one-fourth the circumference of the pipe 
measured on the middle line of the barrel. The depth 
of bedding above and below the pipe at the thinnest 
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points shall be one-half the radius of the middle line of 
the barrel. 

The sand used shall be clean, and shall be such as 
will pass a No. 4 screen. 

The top bearing frame shall not be allowed to come 
into contact with the pipe nor with the top bearing plate. 
The upper surface of the sand in the top bearing shall 
be struck level with a straight edge, and shall be covered 
with a rigid top beating plate, with lower surface a true 
plane, made of heavy timbers or other rigid material, 
capable of distributing the test load uniformly without 
appreciable bending. The test load shall be applied at 
the exact center of this top bearing plate, in such a man- 
ner as to permit free motion of the plate in all directions. 
For this purpose a spherical bearing is preferred, but 
two rollers at right angles may be used. The test may be 
made without the use of a testing machine, by piling 
weights directly on a platform resting on the top bear- 
ing plate, provided, however, that the weights shall be 
piled symmetrically about a vertical line thru the center 
of the pipe, and that the platform shall not be allowed 
to touch the top bearing frame. 

The frames of the top and bottom bearings shall be 
made of timbers so heavy as to avoid appreciable bend- 
ing by the side pressure of sand. The interior surfaces 
of the frames shall be dressed. No frame shall come into 
contact with the pipe during the test. A strip of cloth 
may, if desired, be attached to the inside of the upper 
frame on each side, along the lower edge, to prevent the 
escape of sand between the frame and the pipe. 

The crushing test shall ordinarily be applied to not 
less than 75 per cent of the specimens received for test- 
ing purposes. 

Pieces of the crushed pipe may be used as specimens 
in making the absorption test. 

(B) Hydrostatic Test 

Sound full-size pipe not exceeding about 25 per cent, of 
the specimens received for test in each size of pipe, shall 
be tested for leakage under internal hydrostatic pressure. 

The ends of the pipe shall be tightly closed by wooden 
or metallic bulkheads or Covers faced with rubber or 
leather so that no leakage shall occur thru the covers at 
the test pressure. One cover shall be provided with a 
%-in. wrought-lron nipple passing thru the cover, and 
held securely in place and made water-tight by means of 
locknuts and washers or gaskets. The outer end of the 
nipple shall be connected with a pump discharge or water 
service line. 

Water pressure, as measured by a standardized gage 
attached to the delivery pipe close to the specimen, shall 
be internally applied to the specimen as follows: 

5 lbs. per sq. in. for 5 minutes. 
10 lbs. per sq. in. for 10 minutes. 
15 lbs. per sq. in. for 15 minutes. 

The specimens shall show no leakage under these 
pressures. Moisture appearing on the surface of the pipe 
in the form of patches or beads, adhering to the surface, 
shall not be considered leakage. 

(C) Absorption Test 

The specimens shall be sound pieces, with all edges 
broken, and may be from pipes broken in the crushing 
or other tests. They shall be from 12 to 20 sq. in. in 
area, and shall be as nearly square as they can be readily 
prepared. They shall be free from observable cracks, 
fissures, laminations or shattered edges. 

Preparatory to the absorption test, the specimen shall 
be first weighed and then dried in a drier or oven at a 
temperature of not less than 110 deg. C. (230 deg. F.) 
for not less than three hours. After removal from the 
dryer, the specimen shall be allowed to cool in dry air to 
a temperature of 20 to 25 deg. C. (68 to 77 deg. F.), 
and then reweighed. 

If the specimen is comparatively dry when taken, and 
the second weight closely agrees with the first, it shall 
be considered dry. If the specimen is wet when taken it 
shall be placed in the drier for a drying treatment of two 
hours and reweighed. If the third weight checks the 
second the specimen shall be considered dry. In case of any 
doubt, the specimen shall be redried for two-hour periods, 
until check weights are obtained. 

The balance used shall be sensitive to 0.5 g. when 
loaded with 1 kg., and weighings shall be read to the 
nearest gram. When other than metric weights are used, 
the same degree of accuracy shall be obtained. 

The specimen, after final drying, cooling and weigh- 



ing, shall be placed with other similar specimens in a 
suitable wire receptacle, packed tightly enough to prevent 
jostling, covered with distilled water or rainwater, raised 
to the boiling point and boiled for five hours, and then 
cooled in water to a final temperature of 10 to 15 deg. C. 
(50 to 59 deg. F.). 

The specimen shall be allowed to drain for one minute, 
and the superficial moisture having been removed by 
towel or blotting paper, placed upon the balance. 

The test result shall be calculated as percentage of the 
initial dry weight. 

One specimen shall be tested of each pipe broken in 
the crushing test. 

The results shall be reported separately for each indi- 
vidual specimen, together with the mean for all the 
specimens from the same shipment of pipe. 

Each specimen shall be marked so that it may be 
identified with the pipe used in the crushing test from 
which the specimen was taken. The marking shall be 
applied so that the pigment used shall not cover more 
than 1 per cent, of the total superficial area of the speci- 
men. 

Phsrsical Test Requirements 

The test requirements of clay sewer pipe shall be as 
given in Table I. The individual results of the various 
tests for each size of pipe and for each shipment class and 
mill shall be tabulated separately so as to show the per- 
centage which fails to comply with the requirements of 
each test. 

Table L — ^Physical Test Requirements of Clay Sewer Pipe 





Minimum 


Maximum 


Internal 


Crushing Strensth^ 
Lb. per Lin. Ft. 


Absorption, 


Diameter, In. 


per cent. 


4 


1430 


8 


6 


1430 


8 


8 


1430 


8 


10 


1570 


8 


12 


1710 


8 


15 


1060 


8 


18 


2200 


8 


21 


2590 


8 


24 


3070 


8 


27 


3370 


8 


30 


3690 


8 


33 


3930 


8 


36 


4400 


8 


39 


4710 


8 


42 


5030 


8 



^See Crushing testa on page 194. 



263— FIRE BRICK 



TABLE ( 


OF 9- 


INCH 


ARCH BRICK 


Inside 




Shapes Required 




Diameter 


No. 8 
Arch 


No. 2 
Arch 


No. 1 
Arch 


Straight 


Total 


Oft 6 in. 


19 

12 

4 








19 
27 
34 
38 
42 
49 
57 
64 
72 
76 
80 


J 1. Q %. 


15 
30 

88 
34 
26 
19 
11 
4 






1 •• 6 " 






1 1 •* 9 •• 






2 ** *• 

2 " 6 •' 

8 *« ** 

i 3 " 6 " 

1 4 •• •* 

1 4 •• 8 " 

4 " 6 " 


8 
23 
38 
53 
68 
76 
76 


• • • • • • • 

1 


.••••••» 




6 *• •• 

5 " 6 ♦• 

6 " •• 

6 " « " 

7 «• '• 

7 •• 6 '• 

8 *• •• 

8 " 6 »• 

9 •» •• 
9 •• 6 *< 






76 
76 
76 
76 
76 
76 
76 
76 
76 
76 


11 
19 
27 
34 
42 
49 
57 
64 
72 
79 


87 
95 
108 
110 
118 
125 
188 
140 
148 
155 






■ •• •••• • 














^ 







• • ••••• 











1 


la •• '• 

10 »• 6 •* 

U •• «• 

li •• •• 






76 

76 
76 
76 


87 

94 

102 

lOfi 


168 
170 
178 
185 
198 














.::■.■.■.■.: 




76 1 117 1 








1 i 
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575— SIEVE, TESTING 

This screen scale has as its base an opening of .0029- 
inch which is the opening in 200 mesh .0021-inch wire, 
the standard sieve, as adopted by the Bureau of Standards 
of the United States Qovernment, the openings increasing 
in the ratio of the square root of 2 or 1.414. 

Where a closer sizing is required in the finer openings, 
a scale is shown below this table from 65 to 200 mesh, 
in which the openings Increase in the ratio of the fourth 
root of 2 or 1.189. 



Op<*nini( in 
lnche.0. Ratio 



V2 
or 1.414 



1 



050 

.742 
.525 
.371 
.263 
.185 
.131 
093 
.065 
.046 
.0328 
0232 
0164 
.0116 
.0082 
.0058 
.0041 
.0029 



Opening in 
MilUmetrrs 



26.67 

18.85 

13.33 

9.423 

6.680 

4.609 

3.327 

2.362 

1.651 

1.168 

.833 

.589 

.417 

.295 

.208 

.147 

.104 

.074 





Diameter 




Wire 


.MOMh 


Decimal of an 




Inch 




.149 




.135 




.105 




.092 


3 


.070 


4 


.065 


6 


.036 


8 


.032 


10 


.035 


14 


.025 


9fi 


ni7*? 



28 

35 

48 

65 

100 

150 

200 



.0125 
.0122 
.0092 
.0072 
.0042 
.0026 
.0021 



For Closer Sizing— 65 to 200 Mesh 


Openinfl[ in 
Inches, Ratio 

4 

or 1.189 


Openiuv in 
Millimeters 

.2^ ~ 


Mesh 

65 


Diameter 

of Wire, 

Decimal of an 

Inch 


.0082 


.0072 


.0069 


.175 


80 


.0056 


.0058 


.147 


100 


.0042 


.0049 


.124 


115 


.0038 


.0041 


.104 


150 


.0026 


.0035 


.088 


170 


.0024 


.0029 


.074 


200 


.0021 



Testing Stoves for Fine Grinding 









Diameter of Wire. 


Opening in 


Opening in 


Mesh 


Decimal of an 


Inches 


Millimeters 




Inch 


.0340 


.864 


20 


.016 


.0198 


.503 


30 


.0135 


.0176 


.4*7 


35 


.011 


.0150 


.381 


40 


.010 


.0127 


.323 


45 


.0095 


0110 


.279 


50 


009 


.0087 


.221 


60 


.008 


.0073 


.185 


70 


.007 


.0068 


.173 


80 


.00i75 


.0059 


.150 


90 


.00525 


0055 


.140 


100 


.0045 


.0051 


.130 


110 


.004 


.0046 


.117 


120 


.0037 


.0043 


.109 


130 


.0034 


.0042 


.107 


140 


.0029 


.0041 


.104 


150 


.0026 


.0038 


.096 


160 


.0025 


.0035 


.069 


170 


.0024 


.0033 


.084 


180 


.0023 


.0031 


.079 


• 190 


.0022 


.0029 


.074 


200 


.0021 


.0028 


.071 


220 


.0017 


0026 


.066 


240 


.0016 



Courtesy of W. S, Tyler Co. 

605 — STEEL 

To DistinKulsh Steel from 1¥rougfat Iron 

In the process of steel manufacture, manganese has to 
be added to the molten metal in order to make it possible 
to roll and weld it into pipe, while wrought iron requires 
no such manganese addition and therefore usually contains 
only a trace of this metal. To test for manganese place 



in a porcelain dish, preferably a small porcelain crucible; 
a clean, bright drill chip or some filings of the metal to 
be tested, about the size of a pinhead; add six drops of 
pure nitric acid, heat, add two drops of silver nitrate 
solution, then one crystal of ammonium persulphate not 
greater than one-eighth inch in diameter. Warm the 
solution, but do not let it boil. If the metal is steel, a 
pink color will begin to develop and at this point it should 
be removed from the source of heat, when a very decided 
red coloration will result. If no coloration develops, but 
a small amount of dark residue remains in the dish, the 
metal is wrought iron. 

Care should be taken at all times to test only clean 
samples and to keep dirt or foreign matter out of the 
dish. If a thimble-size crucible is used, a match will 
piiDDly suflScient heat for the purpose. 

604— STEAM TRAPS 

The following method is used to determine whether or 
not a steam trap leaks steam: 

A. Weight of bucket and water = 14.75 lbs. 

B. Weight of bucket = 2 lbs. 

C. Weight of water, net, before test, A— B. . .= 12.75 lbs. 

D. Temperature of room = 80* F. 

E. Temperature of water before test = 60* F. 

F. Difference between temperature of room and 

water, D — E = 20' F. 

0. Temperature to which water in bucket should 

be raised, D + F (approximately). (As 
much above room temperature as it was 

below room temperature at start) = 100** F. 

H. Time at beginning of test = 

1. Actual temperature of water at end of test^z 109' F. 
J. Weight of bucket and water after test. . .= 17.5 lbs. 

K. Weight of bucket (B) = 2 lbs. 

L. Weight of water, net, after test, J — K. . .= 15.5 lbs. 
M. Amount of heat, B.t.u.'s, in water at end of 

test, LX (1 — 32') = 1193 

N. Amount of heat, B.t.u.'8, in water at start of 

test, Cx (B — 32') = 357 

O. Amount of heat, B.t.u.'s, put into water by 

trap discharge, M — N = 836 

P. Amount of water or water and steam added 

during test, L — C = 2.76 lbs. 

Q. Steam-gauge pressure (average) at trap dur- 
ing test = 95 lbs. 

R. Heat of the liquid or number of heat units 
(B.t.a.'s) in a pound of water discharged 
from the trap at above steam pressure 

(Q) = 805.5 

S. Total heat of liquid or B.t.u.'s in water dis- 
charged from trap, RxP = ^40 

T. Time at finish of test = 

Conclusion: As the number of B.t.u.'s broaght in by 
water checks closely with the number actually found, see 
O and S, there could have been no steam-leakage, as even 
1-1 0th of a pound of steam would have brought in aboat 
100 additional heat units. This shows how accurately 
even a small quantity of steam could be detected. 

NOTE: It is absolutely essential that accurate scales 
are used for weighing the water and accurate weights 
obtained and tabulated. 

Courtesy Johns^Manville. Inc. 

134— CLAY WINNING 

Table for Working Plane of Gravity Incline or Self-Acttng 

Systems 











Rise in 1001 












iUnectn- 






Wt. of Cars 


Wt. of Cars 


Length of 


sary to 


Strain In 


No. of 


Descending 


Ascending 


Rope 


make plane 


Rope 


Cars 








self-acting 






Pounds 


Pounds 


Feet 


Feet 


Pounds 


1 


4,000 


1,400 


500 


5.5 


135 


1 


4,000 


1,400 


1,000 


6.3 


174 


1 


4,000 


1,400 


1,500 


8.2 


240 


1 


4,000 


1,400 


2,000 


10.0 


318 


2 


8,000 


2,800 


500 


5.0 


231 


2 


8,000 


2,800 


1,000 


5.5 


270 


2 


8,000 


2,800 


1,500 


6.1 


314 


2 


8,000 


2,800 


2,000 


6.7 


364 


4 


16,000 


5,600 


500 


4.8 


412 


4 


16,000 


5,600 


1,000 


5.0 


463 


4 


16,000 


5,600 


1,500 


5.2 


497 


4 


16,000 


5,600 


2,000 


5.5 


539 



(The above is for ^^-inch steel rope.) 



If6 



CLAT PRODUCTS CYCLOPEDIA 



No. of 
^, J, Cars 


Angle of 
Inclina- 
tion 
Degrees 

5 
45 
45 


Rise in 

100 Ft. 

Feet 


Wt.ofCar 
Descend- 
ing 
Lbs. 


Wt.ofCar 
Ascend- 
ing 
Lbs. 

1,400 
1,400 
5,600 


Strain in 
Rope 
Lbs. 


Diam. 

of Rope 

Inch 


1 

1 
4 


8.7 
100.0 
100.0 


4,000 

4,000 

16,000 


300 

3,000 

11,916 





148— CONES, PYROMETRIC 



FUSING POINTS OF SEGER CONES 





Fusing Point 


Number 


Original S^alo 


of 




Com 


Dogroes 


Oigraos 




Fehr 


ConQf. 


.022 


1,094 


590 


.021 


1,148 


620 


.020 


1.202 


650 


.019 


1,256 


680 


.018 


1,310 


710 


.017 


1,364 


740 


.016 


1,418 


770 


.015 


1,472 


800 


.014 


1,526 


830 


.013 


1,580 


860 


.012 


1,634 


890 


.011 


1,688 


920 


.010 


1.742 


950 


.09 


1,7-78 


970 


.08 


1,814 


990 


.07 


1,850 


1,010 


.06 


1,886 


1,030 


.05 


1,922 


1,050 


.04 


1,958 


1.070 


.03 


1,994 


1,090 


.02 


2,03a 


1,110 


.01 


2.066 


1,130 


1 


2,102 


1,150 


2 


2,138 


1,170 


3 


2,174 


1,190 


4 


2,210 


1,210 


5 


2,246 


1,230 


6 


2,282 


1,250 


7 


2,318 


1,270 


8 


2.354 


1,290 


? 


2,390 


1,310 



Number 

Of 
Com 



10 
11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

21t 
22f 
23f 
24t 
25f 

26 
27 
28 
79 
30 

31 
32 
33 
34 
35 

36 
37 
38 
39 



Fusing Point 


Original Scala 


Dogrsas 


Dagraaa 


Fahr 


Cantig. 


2,426 


1,330 


2,462 


1,350 


2,498 


1.370 


2,534 


1,390 


2,570 


1,410 


2,606 


1,430 


2,642 


1,450 


2,678 


1,470 


2,714 


1,490 


2.750 


1,510 


2,786 


1,530 


2,822 


1,550 


2,aS8 


1,570 


2.894 


1,590 


2,930 


1,610 


2,966 


1,630 


3,002 


1,650 


3,038 


1.670 


3,074 


1,690 


3,110 


1,710 


3,146 


1,730 


3.182 


1.750 


3,218 


1.770 


3.254 


1^790 


"3.290 


1.810 


3,326 


1.830 


3.362 


1.850 


3.398 


1,870 


3.434 


1.890 


3,470 


1,910 



Revisad Scala 



Dagraat Oagraas 
Fahr. 1 Cantig. 



2,714 
2,750 
2,786 



2,912 
2,948 
2,975 
3,002 
3,038 

3,065 
3,101 
3.128 
3,164 
3.191 



1,490 
1,510 
1,530 



1,600 
1,620 
1,635 

1,650 
1,670 

1,685 
1,705 
1,720 
1.740 
1,755 



ni. 8. Buraau of Standards. Waahinglon. D. C. 

tConas 21 to 29 IAcliialya.all coma down at practically tlia aama tamparatura. 



MACHINE SHOP EQUIPMENT 

Horsepower Required for Driving Machine Tools 
Machine Motor Used 

90 inch lathe 25 H.P. Shunt Wound Variable Speed 

72 inch lathe 25 H.P. Shunt Wound Variable Speed 

42 inch lathe 15 H.P. Shunt Wound Variable Speed 

30 inch lathe 10 H.P. Shunt Wound Variable Speed 

Axle lathe .35 H.P. Shunt Wound Variable Speed 

72 inch boring lathe . 25 H.P. Shunt Wound Variable Speed 
60 inch planer . . 20 H.P. Compound Wound Variable Speed 
42 inch planer . . 15 H.P. Compound Wound Variable Speed 
19 inch Blotter . . 13 H.P. Compound Wound Variable Speed 
This data compiled from actual tests run by the P. & L. 
B. R. R. Co. 

The Electric World According to Kent Published the PoUcyw- 
ing as the Power Needed in Each Case: 



Boring Mills H.P. 

34 and 36 inch 5 

42. 48 and 50 inch... 7% 

60 inch 10 

6 ft. and 7 ft 15 

8 ft 20 

10 ft 25 



Shapers H.P. 

12 to 16 Inch 2 

18 to 20 inch 3 

24 to 26 inch 5 

28 to 30 inch 6 

36 inch 8 



Engine Iiathes H.P. 

12 and 14 inch 1 

16 inch 1% 

20 to 25 inch 2 

20 and 30 inch 3 

36 inch 4 

42 and 48 Inch 5 

54 inch 6 

60 inch 7% 

72 Inch 10 

Planers 

17 X 17 inch x 3 to 6 
22 X 24 inch x 4 to 10 
26 X 26 inch x 6 to 12 
30 X 30 inch x 6 to 14 
36 X 36 inch x 8 to 16 
42 X 42 inch x 10 to 12 
48 X 48 inch x 12 to 14 
50 X 60 inch x 14 to 18 
60 X 60 inch x 20 to 22 
72 X 72 inch x 20 to 24 

62— BOILER TUBES 



Drill Prosses H.P. 

21 to 32 inch 2 

36 to 48 inch 3 

50 to 60 inch 5 

Slotters H.P. 

12 to 14 inch ...... 5 

16 and 18 inch 7^ 

26 to 36 inch 10 

H.P. 

ft 4 

ft 5 

ft 6 

ft 7 % 

ft 7 Ms 

ft 10 

ft 15 

ft 20 

ft 25 

ft 30 













« 

o 












-<-* b 


•M U 










a 


^5 

— 4) 


.5 9 




oi 


oi 


9 




0*0 


J!? 






hi 


c 


c 


5c 


^1 


bi 


eternal 
ameter. 


n « 

4.* CB 




u 

M 9 

^B 

^2 




** a* 


***** 

o a 


HP 


Sq 


So 


HO 


5S 


5S 


^5 


1 


0.810 


2.545 


3.142 


4.479 


3.820 


0.90 


1% 


1.060 


3.330 


3.927 


3.604 


3.056 


1.15 


1% 


1.310 


4.116 


4.712 


2.916 


2.547 


1,40 


1% 


1.560 


4.901 


5.498 


2.448 


2.183 


1.65 


2 


1.810 


5.686 


6.283 


2.110 


1.910 


1.91 


2% 


2.060 


6.472 


7.069 


1.854 


1.698 


2.16 


2% 


2.282 


7.169 


7.854 


1.674 


1.528 


2.75 


2% 


2.532 


7.955 


8.639 


1.508 


1.389 


3.04 


3 


2.782 


8.740 


9.425 


1.373 


1.273 


3.33 


3% 


3.010 


9.456 


10.210 


1.269 


1.175 


3.96 


3% 


3.260 


10.242 


10.996 


1.172 


1.091 


4.28 


3% 


3.510 


11.027 


11.781 


1.088 


1.019 


4.60 


4 


3.732 


11.724 


12.566 


1.024 


0.955 


5.47 


4% 


4.232 


13.295 


14.137 


0.903 


.849 


6.17 


5 


4.704 


14.778 


15.708 


.812 


.764 


7.58 


6 


5.670 


17.813 


18.850 


.674 


.637 


10.16 


7 


6.670 


20.954 


21.991 


.573 


.546 


11.90 


8 


7.670 


24.096 


25.133 


.498 


.477 


13.65 


9 


8.640 


27.143 


28.274 


.442 


.424 


16.76 


10 


9.594 


30.141 


31.416 


.398 


.382 


21.00 



To ascertain the safe working pressure on a boiler, mul- 
tiply twice the thickness of the shell by the tensile strength, 
and divide the product by the diameter of the shell in 
inches. 

258— FELDSPAR 

Composition of Important Pore Feldspars 



Trade Names 
Mineral ogical 

Names 
Chemical 

Formulas 



Potash Feldspars 
Orthodase and 

Microdine 
K Al SiaOt or 
K<0 AliOa eSlOi 



Soda Feldspars 
Albite 

Na Al SiaOc or 
NaaO AliOs eSiOi 



Lime Feldspars 
Anorthite 

Ca All SiaOt or 
CaO AliOa 2SiOs 





Percentage Composition 




Silica SlOi 


64.7 
18.4 
16.9 

■ • • • 

• • • • 


68.8 
19.4 

• • • • 

11.8 

• • • • 


48.8 


Alumina AlaOi ........... 


36.6 


Potassium Oxide KaO 

Sodium Oxide Na«0 

Calcium Oxide CaO 


• • • • 

• • • • 

20.1 







Analyses of Commercial Ground Feldspars 

76.37 66.87 66.73 69.06 69.46 66.60 

19.28 
(a) 



19.10 
(a) 



17.40 16.76 21.17 



68.20 
18.17 



71.07 
16.28 



.20 

12.24 
2.66 
0.64 



0.30 
small amounts 



.22 

10.26 
4.08 
0.48 

of 



.16 
.12 



10.03 
2.97 



197 



Silica (SiOz) 
Alumina (AUOa) .13.87 

(a) 
Ferric Oxide 

(Pe«0,) 

L,lme (CaO) 8« 

Magnesia (MgO) . .00 
I^V^ <K,0) .-. \\\ 

(t.^tl Ignltlo^- 
^ including " 

•jiy^ ^^ tUut^® tor feldspar that are used chiefly are 
Co>o%^ SVl^^ r'o^^^^ Btone, mica and talc. These materials 
at»^ Hv^ \\ 0^ ntxAw B^pwate Items In the deflnition section. 



0.20 
0.46 
0.46 
9.80 
2.60 
.28 

iron oxide. 



0.18 
0.87 
1.40 
8.98 
1.00 
0.15 



.66 
.38 
.26 
10.18 
2.60 
.69 



0.63 
0.43 
0.24 
8.24 
2.98 
.89 



CLAT PRODUCTS CYCLOPEDIA 



96— CAR LOADERS 

The attached table was made up for loading fire brick, 
measuring 2^x4^x9 inches, and weighing six and one- 
tenth pounds, so that the brick in one or both ends of 
the car will be not more than one brick higher than the 
brick in the center of the car. The capacities of the cars 
in every case were taken at ten per cent, more than the 
marked capacity. 



FOR LOADING FOREMAN 

Bnd of Car Center 



214— DRUM, WINDING 

Smallest IMameter In Feet of Ihnun or SheaTC 



Inside 

Length 

Feet 

34 



36 



38 



40 



No. of 
Brick 
Wide 

87 



38 

39 

40 

87 

88 

89 

40 

87 

38 

39 

40 

37 

38 

39 

40 



Cap. 
Tons 

30 

40 

60 

30 

40 

50 

30 

40 

60 

30 

40 

60 

30 

40 

60 

30 

40 

50 

30 

40 

50 

30 

40 

60 

to 

40 
60 
30 
40 
60 
30 
40 
50 
30 
40 
50 
30 
40 
60 
30 
40 
50 
30 
40 
50 
30 
40 
GO 



No. of 
Rows 

25 
36 
44 

17 
26 
31 
10 
16 
19 

3 

7 

7 

7 

12 
14 
47 

2 
47 
39 
39 
36 
33 
30 
25 
39 
38 
34 
32 
28 
21 
24 
18 

9 
18 

9 
50 
24 
17 

7 
17 

7 
47 

9 
50 
35 

3 

41 
24 



No. of 
Brick High 

7 

9 
11 

7 

9 
11 

7 

9 
11 

7 

9 
11 

7 

9 
11 

6 

9 
10 

6 

8 
10 

6 

8 
10 

6 

S 
10 

6 

8 
10 

6 

8 
10 

6 

8 

9 

6 

8 
10 

6 

8 

9 

6 

7 

9 

6 

7 

9 



No. of 
Bbws 

19 

8 


27 
18 
13 
34 
28 
25 
41 
37 
37 
40 
35 
33 


45 



8 

8 
11 
14 
17 
22 
11 
12 
16 
18 
22 
29 
26 
32 
41 
32 
41 


29 
36 
46 
36 
46 

6 
44 

3 
18 
60 
12 
29 



No. of 
Brick 
High 

6 
8 

6 

8 
10 

6 

8 
* 10 

6 

8 
lU 

6 

8 
10 

8 

"i 

7 
9 

7 
9 
5 
7 
9 
5 
7 
» 
5 
7 
9 
5 
7 

"5 
7 
9 
6 
7 
8 
5 
6 
8 
5 
6 
8 



The following method has been used in figuring this 
table. The number of rows of brick in the car has been 
multiplied by the number of brick in width. This result 
has been divided into the number of brick to be loaded. 
In every case the result is a quotient and a remainder. 
The quotient shows the number of brick in height at 
which the center of the car is to be loaded. The answer 
received by dividing the number of brick in width, into 
the remainder spoken of above, will show the number 
of rows that must be loaded one higher than the center 
of the car. For example, suppose we have a thirtynsix 
foot car of forty-ton capacity and it will take thirty-nine 
brick across. 

39 brickx 47 rows = 1,833 
14,360 brickx 6.1 pounds=87,535 
14,350 brick-Hl833 = 7 

times with a remainder of 1,519. This means that the 
center of the car must be seven brick high and that 
enough rows must be eight high on the ends to add 1,519 
brick; 1,519 divided by 39 gives 39 rows. In other words, 
with a brick weighing 6.1 pounds and a car of these di- 
mensions, if thirty-nine rows are loaded eight high and 
the remaining eight rows seven high, the car will contain 
a few brick more or less than 14,350. By this method it 
is easy to make a table for brick of any average weight. 
Moreover cars of odd sizes or capacity not found on this 
table can easily be figured. 

Fire brick or silica brick shapes can be loaded by this 
same method, but allowance must be made whenever a 
shape is oddly shaped enough to take up more space than 
solid brick. The car can be loaded five per cent., ten per 
cent., or even twenty-five per cent, higher. 





STEEL ROPES 


IRON ROPES 


Diameter of 
Rope in Inches 


19 Wires to 

the Strand 

Feet 


7 Wires to 

the Strand 

Feet 


19 Wires to 

the Strand 

Feet 


7 Wire* to 

the Strand 

Feet 


2K 

1 


8.6 
6.7 
4.0 
1.6 




13 
7.9 
6.4 
2.3 




8.6 
6.7 

2.6 


13 
8.6 
4.0 



Working load being one-fifth of the ultimate strength. 
The Followiiig Stren^^ths and Diameters are Advisable: 



Diameters 


Maximum 

Working 

Load, 

Pounds 




Drum Diameters, in Inches 




of Wire 

Rope, 

in Inches 


One 
Layer 

of 
Rope 


Two 
Layers 

of 
Rope 


Three 
Layers 

of 
Rope 


Four 
Layers 

of 
Rope 


Five 
Layers 

of 
Rope 


H 


4,060 

6,300 

8,760 

11,650 


14H 
17 

20 


16K 
19 
23 
26 


22^ 
27Ji 
32 

sea 


29H 
36H 
42Ji 
48 


36H 
50 



The surface of the drum should be grooved to fit the 
first layer of cable. 

From Roebllnir SonB Co. 

57— BOILER 

Horse Power Capacity 

Kent says that if a boiler horse power is taken to mean 
the evaporation of 34.5 lbs. of water from and at 212 

+ 85 



CO 

UJ 
Q. 



I 

-I 

u. 



-■dooo 



^-9000 



lOiOOO 
11.000 



fkf 






< 



r3oo 



--4oo 




hi- 



LU 

Z 



cLOO 



u 

u 

Ml 



-75 




- - 1060, 



tl. 

MX 

UJ 

O 

10 



B 



80 



-•^S 



60 



-55 



50 



Gkart to Skow Boiler BflllcleBcy 



deg. F., the average proportions of the various parts per 
horse power for maximum economy for land boilers fired 
with good anthracite coal are as follows: 



Its 



CLAT PBOD1TCTS CYCLOPEDIA 



Heating anrtace 11.5 sq. ft. 

Orate surface 1/3 sq. ft. 

Ratio of heating to grate Burlace. . .34.6 sq. tt. 
Water evaporated from and at ZH deg. 

F. per aq. ft. heating surface per hour. 8 lbs. 
Combuatlble burned per h. p. per hour. . 3 lbs. 
Combustible burned per sq. ft. grate 

surface per hour 9 lbs. 

Water evaporated from and at Hi deg. 

F. per lb. combustible 11.6 lbs. 

To Obtain Approximate Boiler Sifflclen<7 

The accompanying chart gives approximate botler effi- 
ciency and at the same time gives an Idea of the benefits 
to he derived from keeping the temperature of the stack 
gases as low as possible. The diagonal line is drawn for 
a case where the heat value of the fuel equalled a coal of 
12,000 B. t. u. per pound, and the temperature of the 
gasee going into the stack waa 600 deg. F. The result- 
ing efficiency amounts to 68. S per cent. 



210B— DRILL PRESS 

To Find tlie Speed at Wblcti a Drill Sfaonld Be Fed 

ConBtant=12-^(BiEe Of drill x S.1416), 
Number ol TeTolutlons=coD8tKDt x speed In feet. 
Speed in feet=number of rerolutlona-i- constant. 



SiMOf 


Con- 




Con- 


SiMof 


Con- 


Size of 


Con- 


DriU 


stant 


DriU 


stant 


Drill 


stant 


DriU 


stant 


















Inches 


Inches 


Inches 


Inches 


Inches 


Inches 


Inches 


Inches 


H 


30.55 


% 


4.07 


1«| 


2.18 


2ii 


1.49 




20.38 




3.82 


1^ 


2.11 


1.45 




15.28 




3.59 


2.04 


2^ 


1.42 




12.22 












% 












2^ 


1.36 


8.73 




3.06 


2H 


1.85 


1.S3 




7.64 




2.91 


2H 


1.80 




1.30 


H 












3 


1.27 


6.11 




2.66 


2H 


1.70 


3« 


1.26 








2.55 


2H 




SH 






5.06 


1^ 


2.44 


2H 


1.61 


3H 


1.18 


S 


4.70 


2.35 


1.67 






4.36 


lit* 


2.26 


2H 


1.53 







163— COUPLING. SHAFT 

Size of Standard Flexible OonpUngs. 







InlnduM 


PerMin. 






DiL 




Pat. 






















RPM 


Std. 


Mai. 


Mai 


Limit 






Hub 




A. 




















cX 




IM. 


IM. 


IM. 


IBM. 


iDl. 


Ina. 
































SV 










*H 


^ 


SIS 


B 












































18 





































































































Slxe of Blue Conpllncs 



Size of Flanged Face OonpUngs. 





Clamp or 




pltog 


















L.DCth 




























P 


7 


s 


H^H 


1 


« 


10 


8 


& 


3 




























k 










































L:i 

























aectloB af Skatt OovvUac 



Courteor Allls Cbalmen Co. 

114— CHAIN BLOCK 

A man cannot pull more than Ms own weight on the 
operating chains, and can pull faster in proportion as the 
pall required la lighter. The maximum pull usually re- 
quired of one man Is S2 lbs. and he will do more work with 
leas fatigue If the hand chain pull Is not over 40 lbs., 
because he can then puU the chain hand over hand a 
little more than twice as fast as he could when pulling 
twice as hard. When the hand chain pull is less than 20 
lbs. the speed of hoisting an equal load is diminished 
because the man is tired by moving his arms too rapidly 
and cannot do as much work as with a heavier pull. The 
best result Is obtained by using a chain block which has 
a capacity '^^ double the usual load. The operator then 
works to tlio beat advantage with average loads, and oc- 



CLAT PRODUCTS CYCLOPEDIA 



casional heavy loads are easily handled without oyer- 
stralning either the operator or the chain block, which 
should never be used beyond its capacity for fear of 
stretching the chain so that it will not work smoothly. 

138— CLUTCH 

Plain and Spiral Jaw Clutch Gonpling 



SUe 



1% 


3 


1% 


3 


1% 


3 


25^to2;ii 


8 


2%to2Ai 


8 


BSitoBJ^ 


4 


S%ioZ% 


4 


4^to4% 


4 


4%to4X 


4 


5J^ 


4 


5» 


6" 


6 


6 


QH 


6 


7 to 7^ 


6 



No. of 
JawB 



Dimendona in Inohes 



ZH 

4X 
6 

7k 
8H 

11 
12 

IZH 
14>4 

16H 

18H 



B 



D 



3H 
3H 
4 
43i 

6 

7H 
SH 
9 
10 
10^ 
Ilk 
12H 



£ 



G 



2H 
2H 
3 
3H 

6H 

6 

6 

7H 
8K 
85i 




I I 






hC*B*I 




BectlOB of Clutek 



GoortMy AOto-Chalmiera Co. 



116— CHAIN, LOAD 

Weight per Foot, Proof Test and Breaking Weight 

Elongation of all sizes, ten per cent. All chain must 
stand the proof test without deformation. A piece two 
feet long out of each 200 feet is tested to destruction. 

Properties of Gkalna 



Nomiiuu 



oC Wire. 
Indm. 



I 



Deaeiiptkm. 



Twirtwl diSS^ 



Perfeotion-twiBted ohain 
8tnieht4iiik ohain .... 



1* 
«• 



•« 



Maximum 

Lmcthof 

lOOlinks. 

InohM. 



I Crane obaia. ......... 

I Straight-link ohain .... 

Crane ohain 

Straight^Knlc ohain . , . . 

Crane chain 

StraighUlink ohi ' 

Crane diain 

Straight-link ohain. . 

Crane chain , 



. . . • 



11 
«• 



.1 



Btraight-llnkchaip. 
Crane diain 



«• 



«« 



103 l/t 
961/4 
1511/4 
102 

114^4 
114^4 
1136/8 
1271/, 
1261/4 
133 

15lVa 

1761/a 

1768/4 

204 

202 

252 i/a 

277 ?/4 

303 
353 l/a 
4166/s 
479a/4 
5551/1 




0.20 
0.35 
027 

aSo 

1.10 

1.60 

1.60 

2.07 

2.07 

2.50 

2.60 

4.06 

4.16 

5.65 

5.75 

7.70 

9.80 

9.80 

12.65 

15.50 

22.50 

30.00 

39.00 




1.600 

2500 

3,600 

4.140 

4.900 

5.635 

6,400 

7,360 

10,000 

11,500 

14,400 

16.560 

22.540 

29.440 

25,600 

36.260 

46,000 

66,240 

90.160 

ll/,760' 



Bntydnc 

Wdght. 

libe. 



3.200 

5,000 

7,200 

8,280 

9.800 

11,270 

12,800 

14,720 

20.000 

29,000 

26.800 

13,120 

15,060 

(8,680 

• 1,200 

>6.520 

02,000 

132,480 

180.320 

235.520 



Experiments have proved that stud chain within the 
elastic limit will bear from 20 to 25% more load than 
the open link, but that the alternate strength of the 
studded link Is probably less than that of the open link. 
The diameter of chain sheaves would be not less than 
thirty times the diameter of the chain used. 



Crystallization 

This is a term which has been popularly used as an 
excuse for breaking of chains, hooks or other metal parts 
which are used under shocks or repeated stress. This 
subject has been carefully Investigated by the American 
Society for Testing Materials, with the following result: 

It has been shown conclusively that the coarse-grained 
structure can develop only while the metal is hot and 
that it cannot be brought about under ordinary service 
conditions while the metal is cold. In other words, when 
a broken part which has not been subjected to high tem- 
perature In service shows the effect of crystallization, it 
Indicates that the part received Improper heat treatment 
during the process of manufacture or annealing. The 
coarse-grained structure existed at the time the part was 
placed In service and was merely revealed by the breakage. 

There Is no question but that chain and hooks may have 
coarse internal structure, due to heating in the process of 
manufacture or annealing. The fine grain can be restored 
by proper heat treatment, but this requires special heating 
to the correct temperature and slow and even cooling. 
This treatment cannot be given satisfactorily in an ordi- 
nary shop. If attempted it may result in injury rather 
than be of value. 



GENERAL 

A cubic inch of water evaporated under ordinary atmos- 
pheric pressure is converted into one cubic foot of steam, 
(approximately) . 

To reduce United States gallons to cubic feet, divide 
by 7.6. 

To reduce cubic feet to United States gallons, multiply 
by 7.5. 

To find the number of pounds avoirdupois in one cubic 
foot of any substance, multiply its specific gravity by 62.5. 

To find the degree Baume corresponding to any spedflc 
gravity: 

140 

— 130 = B deg. 

sp. gr. 

To find the specific gravity corresponding to any degree 
Baume: 

140 

= sp. gr. 

130 + B deg. 

Doubling the diameter of a pipe increases its capacity 
four times. 

Double riveting is from 16 to 20 per cent, stronger than 
single. 

A cubic foot of water contains 7% gallons, or 1,728 
cubic Inches, and weighs 62^ pounds. 

The friction of water in pipes is as the square of the 
velocity. 

The capacity of pipes is as the square of their diameter; 
thus, doubling the diameter of a pipe increases its capacity 
four times. 

The height of a column of fresh water, equal to a pres- 
sure of one pound per square inch, is 2.81 feet. (In 
usual computation this is taken at two feet, thus allowing 
for ordinary friction.; 

A properly designed boiler, with skillful firing, will 
evaporate from seven to ten pounds of water per pound 
first-class coal. 

One cubic foot of anthracite coal weighs about 58 
pounds, and one cubic foot of bituminous coal from 47 to 
50 pounds. A ton loose occupies from 43 to 58 cubic 
feet. 

The average consumption of coal for steam boilers is 12 
pounds per hour for each square foot of grate. 

Water expands one-ninth of Its bulk in freezing. 

One horse power Is equivalent to raising 33,000 pounds 
one foot per minute. 

One cubic inch of cast iron weighs .26 pounds or about 
4 ounces. A cubic foot of cast iron weighs 450 pounds. 

Oxalic acid dissolved in soft water, ^ ounce to a pint, is 
one of the best means for cleaning and brightening brass 
work. 

Iron or steel Immersed warm in a solution of carbonate 
of soda (washing soda) for a few minutes, will not rust. 

Rust joint (quick setting), sal-ammoniac powdered 1 
pound, flour of sulphur 2 pounds. Iron borings 80 pounds, 
mix to a paste with water. (Slow setting), sal-ammoniac 
2 pounds, sulphur 1 pound, iron borings 200 pounds. The 
latter Is the best if the joint is not needed at once. 
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AMERICAN DRESSLER TUNNEL KILNS 



1740 East Twelfth Street 



PRODVCTS 

Tunnel Kiliu, Dresiler Muffle, Direct Open Fired, and 

Regenerative Typei. 

The American E)reuler Tunnel Kiln. . 

SIZE 

This kiln is conitructed in the form c^ a tunnel. The 
average lengths required for the Ceramic Industry are 
as follows: 

1. BucuitKiln Average tpace required, 300 ft. X 24 (t 

2. GlortKiln Average ipue required, 300 ft. 1 2D ft. 

i. Decorating Kiln . .Averaie ipue required, ISO ft. i 20 fL 

The measurements vary according to the output and 
class of ware. 

CONSTRUCTION 

The construction is very simple. Cars containing the 
ware are mechanically propelled by a small electric motor, 
through the tunnel, which gradually increases in temper- 
ature from the mouth of kiln to the hottest point (a little 
beyond the center). Cars run very smoothly; no danger 
of ware shaking out of position due to vibration. 



INCORPORATED 




CLEVELAND, OHIO 



COMPARISON OF OUTPUT 
BETWEEN OLD KILNS AND THE 
DRESSLER TYPE 

Owing to the scientific methods involved in the construe- 
tion, the system of firing is quicker than with the old kilns. 
As regards output, one Dressier Kiln is about equivalent 
to four 1 5 foot diameter kibis of the ordinary type. 



FUEL 

Producer or natural gas or oil, may be used. 

SOURCE OF HEAT 

The heat is supplied from two combustion chambers, 
which run on either side of the car tracks, and extend from 
the producer almost to the mouth end d the kiln. When 
the ware has passed the hottest point it enters a cooling 
zone. The latter has a number of pipes which correspond 
in position with the combustion chambers in the hot zone, 
and which run from the tail end of the kiln to flues carry- 
ing away the superfluous heat. This surplus heat is 
drawn from the goods after they have given off all required 
by the air to hum the gas. The spare heat is consid- 
erable and can be used for drying purposes. 

UNIFORM TEMPERATURE 

The Dreuler mainUins an abKilutc uniformity of heat. 

EFFECT OF HIGH TEMPERATURES 
ON BRICK WORK 

The repeated heating and cooling of an ordinary kiln has 
very deleterious effects upon the interior construction, 
necessitating continuous repairs to bags and flues. 
Repairs required by the Dressier Kilns are comparatively 
negligible. 

RATE OF TRAVEL— TRUCKS 

The usual rate of progression is one truck per hour. 
Owing to the burning gases being enclosed in chambers, 
the ware itself docs not come in contact with any flame. 
Consequently, saggers are not required. In fact the 
Dressier Type is a muffle kiln. 



Tk War* to be Fired. 

ECONOMIES EFFECTED 

The Dressier Tunnel Kiln is so sure of its operation and 
so simple to work that no skilled tabor is necessaiy. 
Saggera being eliminated, a great economy is effected in 
the labor entailed in handling these, when placing and 
drawing the ordinary kilns. 

The method of placing the ware on the trucks for the 
Dressier Type is very simple. The trucks have a series 
of fire clay trays which arc set from the shelf surface of 
the trucks in one or more tiers according to the size and 
quantity of the articles being fired. By this system you 
have a minimum of handling which is both beneficial and 
economical. 



The labor entailed in setting and taking the ware off the 
trucks, as compared with filling and placing in old type 
kilns, reduces your costs by more than fifty per cent. 
In fact we estimate that on a twelve kiln plant the kiln 
setters annually climb up step-ladders at least 230,560 
feet, not to mention coming down. Further, a weight con- 
siderably more than equivalent to that of the goods fired, 
is carried in bs*^ ""^ ^ ^^ '*''" '" *^^ shape of saggers. 
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THE AMERICAN EQUIPMENT CO. 

1619 Conway Building, CHICAGO, ILLINOIS 



Manufaeturera and Licenaort 
of Patented Labor Saving 
Machines for Both Stiff Mud 
and Soft Mud Brick Yards 



Including: Hacking Ma- 
chines, Setting Machines, Ma- 
china for Loading Direct from 
Kiln onto Wagons, Cars or 
Barges. Complete Mechanical 
Eqmpment for Brick Yards. 



Minimizing the Labor Problem 

Tlie most forceful aumming up of ^e ac- 
compliahinent of Penfield Sy sterna for the 
mechanical setting, handling and loading of 
brick is shown by a comparison of the actual 
operating figures. A jrard with a capacity of 
two hundred and fifty thousand brick per day 
now requires about thirty men. 

The Loading and Handling 
of Brick 

If marked economy accompany the setting 
of brick in the kiln by mechanical means, it 
follows then that it can be loaded and handled 
more efficiently by such means than is possible 
by hand. It is for this reason that the loading 
fork has been designed. 

The demand for mechanical loading has 
been augmented by the employment of the 
motor truck. The facilities of the truck are 
only limited by the time required in loading, 
and this time, when loading is done by hand, 
is found to be three-quarters of an hour to an 
hour for a load of three thousand brick. With 
a loading fork this same amount of brick is 
loaded into a truck in six minutesl This per- 
mits a positive saving of eighty-six per cent, of 
the time required to load a truck by hand. 
Therefore, there is a distinct gain of material 
increase in truck facilities by this saving. This 
gain is more pronounced in the short and 
medium length hauls, for it is in these deliveries 
that the greater amount of time is saved in the 



loading. Where the loading fork is used, fewer 
trucks and drivers are required to deliver the 
same quantity of brick than when hand labor 
is employed. 

Fewer Bats Where Mechanical 
Loading h Employed 

The result of mechanical loading is not only 
ease in picking up a load, but also fewer brick 
broken in loading. There are fewer bats. This 
means customer satisfaction. 

A Superior Product As the Re- 
sult of Mechanical Setting 

In addition to the advantages already 
enumerated a more uniform bum is assured 
when kilns are set by machine, due to the elim- 
ination of the variations in hand setting. Brick 
are set by some men more loosely than by 
others, which causes a lack of uniformity in the 
bum, resulting in a more variable and inferior 
product. 

With die Penfield System installed, many of 
the difficulties encountered in the operation of 
a brick yard are entirely eliminated, and the 
operating costs are decidedly reduced. These 
gains are made, and in addition, this system 
contributes to the production of a superior 
product: so it is easily discernible why the Pen- 
field System of mechanical setting, handling 
and loading so strongly recommends itself for 
installation in every brick yard, if that brick 
yard is to be a factor in the industry. 



THE AMERICAN EQUIPMENT CO. 



1619 Conway Building 



CHICAGO 



Phone Franklin 1712 
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American Pulverizer Company 

18th and Austin Streets St. Louis, Mo. 



PRODUCTS 

Crushers and Pulverizers for all refractory 
materials. 

ADAPTABILTY OF OUR STANDARD 
MACHINES 

These machines will crush and pulverize 
to any desired fineness Shale, Fire Clay, 
Clay and Shale, Brick Bats, Kaolin, Gypsum, 
Tile, Crockery, Sewer Pipe, Coal, Grog, etc. 

DESCRIPTION 

These machines are built on the ring prin- 
ciple. They have a rigid housing, a rotor 
consisting of main shaft, discs, spider or 
cross arms, ring shafts, rings, set collars, 
liners, breaker and grinding plates and grate 
bars. 

The material enters the pulverizer on top, 
allowing the material to fall direct upon and 
be struck by the rings while in suspension, 
thus shattering and distributing the same 
before reaching the breaker plate, then fall- 
ing to the concave grinding plate and grate 
bars for final pulverization. The degree of 
fineness is regulated by the openings be- 
tween the grate bars — the capacity is gov- 
erned likewise. 

ADVANTAGES 

The advantages of using the American 
Ring Pulverizer are many. Low speed — 
only 600 R. P. M. are required to operate 
these machines effectively. Low power con- 
sumption due to the centrifugal force of 



the Rings. Toggle work adjustments are 
avoided, because the Ring affords a flexible 
adjustment within itself. High capacity is 
obtained. Our No. 48 Machine will ordi- 
narily do the work of two or three Dry Pans. 



Cross Section of the Standard American Rlnft Pulverizer 

Ease of operation and care, no skilled me- 
chanics are required to replace parts when 
making repairs. A minimum space is re- 
quired, because the machines are built low 
and compact. Foreign material cannot 
damage the machine. They are reliable and 
give entire satisfaction to their owners. 

ADDITIONAL INFORMATION 

Always specify material to be ground and 
the capacity and fineness required. If pos- 
sible send us a small sample by mail of the 
crude material for the mill and the finished 
product required. We maintain an engi- 
neering department which is available for 
our prospective customers. We guarantee 
our machines for workmanship and perform- 
ance. For additional information and cat- 
alogues write us. 



We also refer you to Items Nos. 129, 
167 and 502 tn the Definition Section 
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FOU exert every effort to make the best brick possible and at the 
lowest cost, then why not exert the same judgment concertung 
deliveries? Wouldn't you like to have your brick delivered like this — 



And at the same time — 

"With the one truck hauling 1 .000 brick each load, we have tnovad over 30,000 per day, delivering them on an average haul 
of a mile or more." "It ii alio mttrumental in getting ordera as the advantage of having brick delivered in pile* with none 
broken pleases many, and very much ao wheie the job is in a congested street." "Will say that the repairs have only been a 
few bolts th«t have been lost, which was due to the carelessness of the driver by not keeping them tigbtened up; it has proven 
in every way. perfectly satisfactory to us." "As a time saver, one man and this equipment will get out more brick than two 
trucki and two men where they have to unload them by hand." "It would not have been possible to have gotten enough 
mule teams on the yard to have accomplished this delivery." 



American Truck Body Co., Inc. Martinsville, Va. 
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I 


JAIRI 

SEMI-AUTOMATIC 


) 




POTTERY 






MOLDING 






MACHINES 






PATENTED 




NO. O MACHINE 




NO 1 MACHINE 


THESE MACHINES 




THE PRINCIPLE IS 


MAKE 




CORRECT 


Flowo- PoU 




The revolving or spinning 


Lead Corroding PoU 




motion spreads the clay 


Graphite Stoppers 




and distributes it evenly 


Carboy Stoppers 
Insulators 




to all parts of the die. 
This means stronger ware; 
lower percentage of 


Sleeves, Nozzles 




breakage in handling and 


Rimner Brick 




burning, quality and uni- 


Stoneware Crocks 




formity in the finished 


MOkPans 




product. 


Turpentme Ciq>s 




We Kuaranlee not only to 
sreatly incrcax production. 


Saggers 




but to impTove the quality 


Plain Pottery 


NO. a PUG MILL (BESSEMER STEEL BODY) 

Our broad experience in the design 
and manufacture of machinery of 
this type enables us to present to 
the Clay Products Industry the 
only successful and mechanically 
correct Pottery Moldirg Machines 
in the market. Q Recent improve- 
ments such as the new type (pat- 
ented) crank and knockout ar- 
rangement and other important 
features are used on all machines. 

Baird 

Machine tl Mfg. Co. 

409.1 1 Jefferson East 
DETROIT. MIC«. 


co«t of your ware. 


NO. I STANDARD MACHINE 




NO. ! HEAVY DUTY MACHINE 
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Illayworking 



lO-fool Bonnot Dry Pan 



Bonnot Dry Pans 
Made with heavy ribbed frames, all joints ma.' 
chined. Equipped with either solid or cored mul- 
lets. Sizes up to 10 ft for dry or wet grinding. 
A pan that will give long service at low cost for 
repairs. 



"G" Pug MiU 

Double-geared pug mill mounted on 7-in. sted 
I-beams. Capacity, 5,000 to 7,500 bride per hour. 



Ttp« "G" Pue IMiU 



No. 21 Auger Machine 

A recent addition to our line of auger machines, 
suitable for either brick or hollow ware, with a 
change of interior parts. ^X^th this machine, you 
can fit your product to the market, at a small ex- 
pense. Capacity-^75 to 125 tons of hollovtr ware 
or 40,000 to 50.000 brick per day. 



No. 21 Angar Macbia* 



Canton Rqireu 

The smoothest nirming repress on the maAet. 

No. 14 C<Hnbniation Machine 

Single gear combined machine for 25,000 to 
40,000 daily output 



Note — ^We are in pontion to make tests of day 
for a nominal fee. 



Canton Repreas 



No. 14 Combination Hacbin« 
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The Solution To That Burning Question 

A 





RAILROAD 

TUNNEL KILN 




FACTS 



WORTH 



KNOWING 



Designed especially for brick yard work. 

Built and perfected in a brick yard by a brick- 
maker of thirty years' experience. 

Costs no more to build than down draft kilns 
of equal capacity. 

Adaptable for burning enamels and finer wares. 

Building brick from pit to job in 3^ days. 

Can be seen burning Hudson Shale Building 
Brick at the plant of The Booth Brick & Lumber 
Co., New Toronto, Ont., Canada. 



THE BOOTH RAILROAD TUNNEL KILN COMPANY 

NEW TORONTO, ONTARIO, CANADA 
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BROOKVILLE, 

PENNSYLVANIA 

U.S. A. 
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The New Brovrn Recording Thermometer 
For Use in Dryers and P.ower Plants 

Keap a record of th« tomperatnre of your Drjtr: Don't let thii end of yonr pUnt 
hold np prodnction. A Brown Recording Thormomotar u «tp«ciijl7 ad«pt«bU for «•• in 
Dryers. Every liutrumeiit ha> moiiture-proof cue ■■ atandard eqaipmenl, and U mpptlml at 
no extra charge. 

ThU Thermometer incorporate* all the latest improToments of other Thermo meters, »■»«! 
many exclusive Brown patented features. 

Yon will also find a type of this new Brown Recoriling Thermometer especially fitted for 
yomr power plant needs. 

Writt lodag for Catalog f/o. « 
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BUILDING SUPPLY NEWS 

407 So. Dearborn Street, Chicago, U. S. A. 

Members of the Associated Business Papers and Audit Bureau of Circulations 

A $3,000,000,000 Sales Field Now Open for Your Clay Products 



The most accurate and complete figures possible, 
compiled by the Architectural Forum thru the co- 
operation of the leading architects of America, show 
that the total amount of building construction con- 
tracted for and expected during 1922 will run close 
to $5,000,000,000. 

At a very conservative estimate the retail building 
supply and lumber dealers thruout the country now 
sell at least 75 per cent, of all materials used in con- 
struction. 

Building Siqtply News coTers this retail fidd for 
you. It is pushing all the time the expansion of the 
clay products business thru the retail dealer, as a 
vital and increasing part of the every-day sales of 
the average progressive retail yard. 

It is teaching hundreds of dealers how to sell clay 
products more effectively and it is teaching them 
more about building tile, common brick, face brick, 
fire brick, drain tile and sewer pipe with every suc- 
cessive issue. 

It offers you new business, new prospects and 
permanent and dependable sales representatives in 
every town and city in the country. 

It is the leader and the foremost advocate in the 
construction industry of 1 00 per cent. Sales and 
Service Co-operation between the manufacturer and 
the retailer. It has the unqualified confidence of the 
retail building supply man. Its record of 87 per 
cent, renewals of r^ular subscriben proves its ▼aloe 
as an advertising medium. 

Why It Covers the Field 
Here are a few reasons that make it the most pro- 
gressive trade paper thruout the retail field: 

It publishes regularly 5,000 Retail Prices Current 
upon 75 different items, including all clay products, 
from 80 cities thruout the United States and Canada. 
It maintains for its dealer readers, as a service of 
its editorial department, an accurate and inclusive 
Directory and Buyer's Guide of Manufacturers, Pro- 
ducers and Wholesalers of construction materials, 
including every clay product handled by the retail 
dealer. 

Its Suptr Service D^artmcnl carries in every issue 
the latest sales methods and the most successful sug- 
gestions for merchandising clay products and other 
materials. 

It is the only publication mdorsed by the National 
Builders' Supply Association and by practically 
every other organization of retcul building supply 



dealers thruout the country, including New England 
Builders' Supply Assocation. the Michigan Builders' 
Supply Association, the Iowa Builders' Supply Asso- 
ciation, the Indiana Builders' Supply Association, 
the Ohio Builders' Supply Association, the New 
York State Builders' Supply Association, the Mason 
Material Dealers' Association of New Jersey, the 
Building Material Dealers' Association of Eastern 
Pennsylvania, the West Virginia Lumber & Builders* 
Supply Association, and by many local bodies. 

It u the author of the Only Uniform Cost Account- 
ing System for the Retail Btnlding Supply Decdcr 
era- produced, which is being rapidly installed thru- 
out the country, and it is consuntly advocating and 
championing every means and method whereby 
efficiency, initiative and greater sales results can be 
achieved by the retail dealer — the manufacturer's 
logical representative wherever he u doing business 
on the progressive basis. 

Building Supply News has a Special Service De- 
partment for the Manufacturers, which is always at 
the disposal of the advertiser and which is every day 
helping to boost the profits of the producer who de- 
sires to take advantage of this opportunity to reach 
thU $3,000,000,000 sales field. 



All details of its constituency and field from the 
point of view of the advertiser art open to all. It b 
well worth your while to be represented in its pages 
in every one of its twenty-ux issues each year. For 
further {j^rticulars write Building Supply News, 407 
S. Dewt^oro St., Chicago, U. S. A, 
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W. E. 



CALDWELL 

MANUFACTURERS OF- 



CO., INC. 



TANKS and TANK TOWERS 

2510 Brook Street LOUISVILLE, KY. 



Products. 

Wood. Steel and Galvanized Iron 
Tanks; Tank Foundations; Tubular, 
Angle or Channel Column and Wood 
Towers; Friction Clutches and Pul- 

Also manufacturers of Steel Stacks. 
Standpipes. Tank AgiUtors; Water Supply 
Systems; Gearing and General Power 
Transmission Machinery. 
Industrial Tanks. 

Tanks (or industrial and special purposes, in ' 
or steel— round, rectangular, elliptical, or any shape. 

Wood — This company 
specializes in cypress, as it 
is the best wood For tanks 
for most purposes. It has 
great durability, minimum 
shrinking and swelling and 
does not give taste or color 
to drinking water. 

Fir. yellow pine, white 
pine, white cedar and pop- 
hur are also used. 

Specifications— wood tanks 

Lumber is thoroughly dried, 
without looM or uiuound knoU. ipli 
other defect). All heirt on iniide. H 
oceed one-hilf the thickneu. 

Thkkne»: 2 In. f w 1 0.000 gsli. md imJli 
nl..: 3 in, (or large ' -■■■■■■- 



THE TANK WITH 
A REPUTATION 




6 in. (rom 3 ft. 

b.: 2 It.: 2 ft. 5 
)ft.:6( " 

.;17rt. 



9 ft.. 



StUHl*rd Iniude Diuneter; Every 
lot to 16 ft., and every 2 It. ibove 16 It. 
Stutdud Iniide Depth; I (t. 5 in 
in.; A ft; 4 (t. 5 in.; 5 ft.; 5 ft. 5 in.; 6 ft.: 6 (L 5 

in.; 1 Kt. 5 in.; 13 ft. 5 in.; 15 tL 4 

in.: 23 (L 4 in. 

Wrakmaiuhip: Suvea drcued both iidu. I 
jjinted to proper bevel. Bottom dreued on top lide 
itnnted itr&ight and »quwe uid well doweled. 

Hoops: Round hoopi of wrought iron (not rteel) with nulleible 
inm<]r«wlu9;iiieiandip«cingto^veAufetyftctorol4to I. 

DIMENSIONS AND CAPACfTIES OF STANDARD TOWEB TANKS 
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Sleel— Thin galvanized tanks are rec- 
ommended only in small sizes and for inter- 
mittent or temporary use. 

Heavy steel tanks made in any shape or 
size. 

Specificatione — The standard diam- 
eters and depths are in even feet. The 
standard thicknesses are H in- up to *nd 
itKluding 10 ft.; -fg in. up to 16 ft.; H in 
up to 24 ft., and ^^ in. above 24 ft. 

be furnished set up, in the smaller sizes, 
knocked down, all punched, fitted and bent to shape 
wth the necessary rivets. 
Tank Foundations. 

Plans for foundations on the ground will be fur- 
nished. Designs of, and prices on, foundations for 
special conditions will be submitted on receipt of a sketch 
with full dim 



TANKS 
TOWERS 

trade-mark 

These c 



3 ft.; 3 ft. 

7 ft. 5 m-: 9 ft. 

,.; 19 ft. 4 in.: 21 ft. 

I machine 
Machine 



fniQili:^OOaimb.up. An/oftbcibovet 



kl And towcn mrv rcfuUrb^ nude ui 



Tank Towers. 

Tubular Column — Classes 
to G built with tubular steel 
columns and struts, in heights of 
15 ft. and every I2-ft. interval 
above to 100 ft. 

Angle Column — Classes CC 
to LL built with steel angles for 
columns and struts, in heights of 
12 ft. and every lO-ft. interval 
above to 102 ft. 

Latticed Column — Classes 
LD to LH built with latticed 
steel channel coltmins and struts 
(bridge construction), in heists 
of 20 ft, and every 5 ft. above to 
any height. 

Note: Above type* of towera 
are for flat bottom tanlu (lee table) 
and *ie fumithed with either a ited 
or wood foundation for the tank at the 
top. 

Hemispherical All-itccI 
Tanks and Towers — Made with 
latticed columns and struts in all 
capacities and heights. 

Caldwell Friction Clutch. 

The basic principle of th 
clutch is identical with that 
the standard automobile ser 
ice brake; a flexible 
band lirxd with Rabestos 
and tightened with a sin; 
lever. There are only elew 
parts. One screw adjusts 
shortening or lengthening t 
band which gives equal pres- 
sure everywhere around the 
friction ring. 



30jn0 QU. CYPRESS TANK 
ON SI FOOT TUBU.AR 

TOWER 



CALDWELL 
miCTIOH CLUTCH 

PULLEY 
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The Canton Grate Company 

1709 Dllllon Place - CANTON, OHIO 



PRODUCTS 

Rocking and dumping grates for boilers 
and kilns. 

CANTON KILN GRATES 

Canton Kiln Grates of the rocking and 
dumping type are designed to meet the 
special requirements of the kilns for 
burning fire brick, red brick, paving 
brick, sewer pipe, drain tile, pottery, 
etc., any place where high temperatures 
are required and where heat regulation 
is an important matter in getting the 
most uniform results. 



CANTON BOILER GRATES 

Canton Boiler Grates are made from 
select brands of pig iron which have 
been found to give the greatest strength 
and to resist heat. Their construction 
is such that they will not warp, as the 
bars are double braced. The rocking 
grate eliminates necessity of opening the 
fire doors to slice the fire and to rake 
down the ashes, which operation results 
in the admission of large quantities of 



Nearly six years of continuous service 
with Canton Kiln Grates have demon- 
strated the foUowing: 
A saving of from 25 to 40 per cent in fuel. 
A wonderful saving in the cost of brick 
work in the fire box. 

Reduction in labor of firing and cleaning. 
Heat to which firemen are usually sub- 
jected, eliminated; therefore, attracting 
a better grade of workmen. 
Absolute control of oxidation, reduction 
and heat flow. 

The burning of cheap coal, reducing fuel 
bill and rendering the plant independent 
of coal seizure by carriers in times of 
trouble. 

Stability; a record of over five years in 
burning high grade fire brick, without 
replacing a single grate bar. 
Canton Grates are made to suit any size 
fire pocket. 

Write us for prices and our new cata- 
log. You will be surprised with the 
low cost and small expense for instal- 
lation. 



cold air that not only chills the boiler 
and furnace, retarding combustion and 
lowering economy, but is very destruc- 
tive to the furnace lining, causing the 
fire brick to chip off freely. 

ADVANTAGES 

Saving of fuel. Canton Grates mean 
clean fires and the admittance of proper 
amount of air for complete combustion. 
Saves labor. With the Canton Grate 
you have a smaller amount of coal to 
handle, and no ash and clinker to pull 
out through the fire doors. In many 
cases the time required in keeping a 
clean fire has been reduced to less than 
one-quarter of that required with com- 
mon grates. These grates are usually 
cleaned up once in twenty-four hours. 
Increased boiler capacity. Canton 
Grates mean a twenty per cent increased 
boiler capacity for regrilar service, and 
with no additional strain on your boiler, 
as the uniform temperature of the fire 
can be maintained. 

It is such advantages that are causing 
modem plants to rapidly install Canton 
Grates instead of common grate bars. 
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CLEARFIELD MACHINE SHOPS 

CLEARFIELD, PA. 



Specialists for fifty years in the manufacture of PANS for clayworking and other pur- 



kUo make; Hand 

■ea for fiie brick; Lime 

Tuba lor nlica brick; 
<ra and acrecDB for Dry 
L-oading and Measuring 
a. (or charBinK Wet and 
ids: UnloBding Device*, 
:t Pana, including tks 

Bniptier; Convey on, 
idling raw clay, ground 
«.; Heavy Ttanamjaaion 
al*, Pulleya. Clutchca, 



CIXAB ' Btilletins on sub' 

C"^"" which you are in- 

aupp ' 

We alao have attachments (or fitting it 
to moat other makca of pans. 

OUR NAME IS YOUR GUARANTEE OF QUALITY 
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and Prepare Your Shale 
Utmost Efficiency 

The Eagle Dry Pan 

Superiority - - - Service - - - Capacity 

Mullers suspended and independent, the feature that has put the Eag^e in a class by itself, 
j free movement independently, no uneven wear on tires, !ipring cushioned chain hangers 

absorb shock and jar incident to grinding. No bushings to wear out and the tires easily and 
cheaply replaced. 

A massive frame mth a correct distribution of the metal with the heavy 
truss and the V/2 inch square steel shafts which support the heavy hinged 
yokes produce a housing c* 
reedy distributed the only p 
A glance at the cut showa the s 
— the picture speaks lor itself. 

Demgned for production as 
service, it has an easy capadtji 
insures long life with little upkec 
bles. No effort has been spared 
duce a pan that will grind for j 
low cost. Our screening sur 
large, insuring the maximum ou 
ground material. Repeat or- 
ders always carry with them 
the high testimonial of com- 
plete satisfaction; question 
the user of an Eagle. 

This pan is a result of over 
30 years" experience in 
building them and the proof 
of their merit is th^r use in 
nearly every state in the 
Union and Canada. 

Send tor Bulletin DP-1 

westigate Now! 

of the users of EAGLES or 
)ver your conditions 



[>N WORKS 



IOWA 



The 

EAGLE DRY 

PAN 
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E. M. Freese 

Manufacturen 

Brick, Tile and Fire 
GALION, 



The Union HoUovr-ware Machine has a pos- 
itive forced feed into the auger, of special im- 
portance in the manufacture of hollow- ware. 
Used by a large percentage of hollow-ware 
manufacturers of this country. Built in 8 types 
and sizes. For capacities up to 25-tons per hour. 



Union Hollow-ware Machine 



The Automatic Disc Feeder. Built in 3 de- 
signs, belt or chain drive. We furnish automatic 
feeders for feeding wet or dry surface clay, pul- 
verized material, crushed shale and fire clay, or 
material in its raw form. 



Aiitomatie Di»c Feeder 



Freese Union Brick Machine. Built in II 
patterns and sizes with capacities of from 1 ,000 
to 15,000 brick per hour. Pug Mill and Auger 
Machine in one construction. Economical to in- 
stall and operate, eliminating one set of gears, 
one driving belt and pulley, and the structural 
work necessary to support an independent pug 
mill. Allows storage bin above machine without 
e building height. 



Freese Union Brick Mafhinet 
WE FURNISH ALL ITEMS NECESSARY TO THE COMPLETE EQUIPMENT O 
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521 
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Model GC Auger Brick Machine. Unusually 
acceraible, with detachable and renewable thrust 
bearing. We build separate auger machines in 
1 3 sizes and designs. 



Model GC Auger Brick Machine 



The Model T-60 Reciprocating Automatic 
Cutter solves the perplexing problem of the con- 
tinuous production of true straight brick at high 
speed. Its design and construction give it several 
advantages in this respect over other types al- 
lowing the handling of large capacities while 
operating with a smooth, quiet movement 



Model T-60 
Reciprocating Automatic Cutter 



The Model C'20 Rotating Automatic Cutter 
has three distinctive features: Positive Mech- 
anism, assuring sure action; Downward Shearing 
Wire Movement, producing sharp edges; and 
Slow Mechanical Movements, resulting in ex- 
ceptionally low upkeep expense. The highest 
grade face brick are produced by this cutter — 
without re-pressing. 



A MODERN AND ECONOMICAL BRICK, TILE OR HOLLOW- 



Model C-20 
Rotating Automatic Cutter 



\M* 



PLANT. 
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The Best of Belts— and The G. T. M. 



Th€ brick and clay industry puts belting to a 
trying test, and only belts that are correctly 
designed, strongly built, and expertly specified 
to their work, can furnish efficient and econom- 
ical operation in this exacting service. 

Goodyear BeltM have a reputation for powerful, 
trouble-free and long-wearing perfonnance in 
this industry. They are designed right, built 
for durability, and specified to the job by the 
G, T, M.— Goodyear Technical Man. 

In trantmission duty, Goodyear Blue Streak 
Belts have the advantage of a tenacious friction 
surface, thatdelivers full power. They are pliable, 
adjusting themselves as they arc the pulleys, and 
making the most of the pulley contact. They 
are impervious to moisture, and resistive to the 
action of gritty dust. 

For conveyor service, Goodyear Cougar Brand 
Conveyor Bc^ts and other Goodyear Conveyor 
Belts are confidently recommended, according 
to the requirements of the work. 



They are conatructed eapedally to withstand 
the abrasive action of the varying sizes of clay, 
the manner in which it is delivered to the belt, 
and the resultant shifting of the load as it pro- 
ceeds. They stand up to the reverse flexing 
action. They are impervious to moisture. Body, 
edges and cover are of special Goodyear stock 
and special Goodyear construction, insuring a 
long and serviceable life. 

In all duty, transmission and conveying, on mud 
conveyors, pan emptying conveyors, and eleva- 
tors, and in crusher and grinding pan service. 
Goodyear Belts give a quality of performance 
that has made their name known throughout 
the industry for low cost and good wear. 

For apeciRc information as to the service 
Goodyear Transmission and Conveyor Belts 
are giving in brick and clay plants, and the 
Goodyear Analysis Plan by which they are 
specified to their work, write to Goodyear, 
Akron, Ohio, or Los Angeles, California. 
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GRUENDLER PATENT CRUSHER & 
PULVERIZER COMPANY 



928 North Main Street 



SAINT LOUIS, MO. 



PRODUCTS 

Crushers, Roll, Jaw and Swing Ham- 
mer type, Revolving and Shaker Screens, 
Elevators and Con- 
veying Machinery, 
Pulverizers with Air 
Separation. 



impacts or blows delivered each minute is tre- 
mendous. Because it is possible through the 
Gruendler method of disc punching to adjust the 
hammers to practically any required crushing dis* 
tance from the grate surface, this crusher provides 
the maximum range for finished sizes and it is there- 



GRVENDLER 
Machines Are Spe- 
cially Adapted 

for crushing and pulveriz- 
ing to desired fineness 
such materials as Shale, 
Clay, Fire Clay, Gypsum, 
Coal, Brick Bats, etc. 

Description 

As shown in the illustra- 
tion below, the Gruendler 
consists of a series of octa- 
gonal discs, each separ- 
ately punched to receive 
from 4 to i6 swinging 
hammers and all mounted 
on a common shait over 
grate bars of a special 
design. The discs are re- 
volved at a speed varying 
from Aoo to 1400 r. p. m, 
and wnen it is considered 
that the average size 
crusher contains 48 sep- 
arate swing hammers, each 
of which strikes a blow at 
every revolution, it is evi- 
dent thai the number of 



Cut No. 3 Hu<T Type MkHIik 

fore equally as efficient in fine grinding as when it is 

required only to break down a product ahead of a 

finishing mill. 

Manufactured in capacities from 5 to 500 tons 

hourly. 

Important Facts About Gruendler 
Crushers and Pulverizers 

No. I. Greatest capacity of most uniform product 
per H. P. over any dry wet pans or any 
other type pulverizers. 

Most reliable — no shut downs. 



No. 
No. 

No. 
No. 
No. 



No. 7. 

No. 
No. 



Simplicity, and most durable, will give 
longest service. 

Ball bearing or ring oiling bearings. 

Low starting Torque — smooth running. 

Guaranteed to handle foreign material 
without damage to machine. 



Repairs practically 
ton product. 



nothing. .0625 per 



Cui No. 1 Cnw-Scctkin Vi 



Guaranteed to give rated capacity. 

Steam jacketed to prevent choke up on 
wet material. 

Requiring very little space — compact. 

Write for Further Details 

We maintain an Engineering Department that will 
be glad to co-operate with you in solving your 

Eroblems. You will find our service to be the very 
ighest quality. No job too small or too large for 
"s tQ handle. 



CLAT PBODUCTS CTCLOFEDU 



CLAT PRODUCTS CTCLOPEDU 



No matter what your want may be in the equipment of a plant for memufacturing 
Qay Products, we are able to assist you. Our many years of experience heis given us a 
knowledge of the necessities of construction and we are able to give the Gay Products 
Manufacturer equipment which will eliminate many clay plant troubles and give him 
the maximum amount of production at a minimum of cost. Get our big cateJog. Feel 
at liberty to write us on any clay plant subject. AVe want to help make Clay Plemts 
Successful. 



" DiaMi Oil Engina 



"Amarican" Caaolln* Locomotiva 



itf 



"Amarican" Dryar Cars 



"American" Rotary Dryer 

"American" Transfer Car* 



"AmaricBn" No. 3S7 Pug Mill 



THE HADFIELD-PENFIELD STEEL CO., BUCYRUS, OHIO, U. S. A. 

Formerly The American Clay Machinery Co. 
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For Brick or Hollow Products 

The thoroughbreds of auger machines. Three 
machines designed on the same principle, differ- 
ing only in size and capacity, and equally suitable 
for ■manufacturing brick or hollow clay products. 
The entire base of the machine, including the 
outboard bearing, is cast in one piece, a patented 
feature. This rigid construction, which is impossible to get in a frame of girder con- 
struction, securely holds all shafts and gears in perfect alignment. No moving parts 
of the machine extend beyond this base. All parts lift out upward. The alignment 
of the bearings cannot be disturbed, a very important feature in making repairs. 
Each machine has two thrusts on the auger shaft, a marine and a floating end thrust, 
either of which is capable of taldng the total thrust load of the machine. All bearings 
are ring or chain oiled. Shafts are large in diameter, gears wide in face and running 
in oil. The barrel is fitted with removable liners. 

Strength, simplicity and practical elimination of vibration are the outstanding fea- 
tures of these machines. 



PuK Mill* Rapresaes, Automatic Turntable* 

Diaintefratora Repreaaea, Hand Ga« Producera 

Cruahara Scraena Continuoua Kilna 

Cl*y Feadara Rcxifing Tile Praaaea Pariodic Kilna 

Hoiata Dryer Cara Elavatora 

Dump Cara Convayora Trackage 



Type 470 Combination Machin 



International Clay 

DAYTON, OHIO 

Newr York Toronto, 
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New lO- and 9-ft. PANS 

POINTS OF SUPERIORITY. Low, massive 
frames bolted to foundation in triangular align- 
ment. Wearing plates raised an inch above screen 
plates, preventing breakage of screen plates. 
Bottom disc belled out, forcing all clay in center 
of pan under the mullers. Mullers grouped close 
to center, giving largest possible screening sur- 
face. Three bearings on drive shaft, two being 
grouped for pulley support. Spherical bronze 
step bearing, assuring perfect alignment and 
bearing surface at all times. 

Illustration shows independent muller drive. 

Dry >nd Wet Pana— Siz«B 5 to 10 ft. 

International Automatic Cutting Tables have a con- 
tinuous motion reel traveling at constant speed. This 
means less jarring than when a periodic motion is 
employed, and consequently long life. 
We build a complete line of Semi-Automatic Cutters, 
Hand Cutters and Hollow Ware Cutters. ^^ s,„ Autom-tic Cutter. 

International Metallic Radiation Dryer 

A good dryer is more than an assembly 

brick work. International Dryers ha 

rated in their design principles of atmoi 

trol and heat regulation based on 
years of experi- 
ment, which 
insure the best 
results for the 
clay manufac- 
turer. New, 
improved me- 
tallic radiators 
give a greatly 
increased radi- 
ating area over 
previous con- 
struction. De- 
signed to burn coal, wood, producer or natural gas, or oil. 

BERG PRESS 

Two Mid Four Mould We also build waste heat dryers and combinations of waste 

Berg Automatic I>n' PreM«* heat and radiation drvers 

AUo Hand Powar Prauaa "**^ ""^ raaiauon aryers. 

Machinery Co. 

U. S. A 

Canada Pittsburgh 
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DRYER CARS 



Typ- C Typ* O 

IntematiotuJ Dryer Cars have for years set a standard for construction and design. The bear- 
ings are flexible and adjust themselves to irregularities in the track and even to sprung axles. The 
wheels are solid with wide tread. Gussets are pressed steel with a flange caurying the weight 
of the upper decks. Single, double and triple deck cars with or without deck slats are built as 
a standard or to your specifications. 

DUMP CARS 



TTpa BO Type 60 

A waU'built car for anrkfa DM , H^Ty Doty Cm — 1 to 4 yd. capacity 

A Complete Line of Industrial Cars, Portable Trackage, Rails, 
Switches, Turntables 

Years of experience in completely designing and equipping clay plants enaUes us to specify and 
build Dump Cars particuleu-ly adapted to your conditions. New car catalog on request. 

International Clay Machinery Co. 

DAYTON, OHIO, U. S. A. 
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Link-Belt Company 



PHILADBLPHIA 



INDIANAPOLIS 




Elevating, Conveying and Power Transmitting Machinery 



jtams numliBred— 


inder 


























M3. 854. S5B. SSfl. 5M. S70. .W9. 817, 629, 6BT. 





Link-Belt Silent Chain for the 
Efficient Transmission of Power 

The Link-Belt Silent Chain Drive furnishes 
the most commercially eflBcient and technical- 
ly sound form for the transmission of power. 
It is "Flexible as a Belt— Positive as a Gear — 
More Efficient than Either." 
The superiority of Link-Belt Silent Chain is 
proved by the vast number of drives in use 
today after years of severe duty. They grow 
old in service because they possess lasting 
qualities. 

Over fifty clay plants have adopted this drive 
for operating fans, lineshafts, pans, pug mills, 
washers, agitators, glaze mills, etc. 

Link-Belt Silent Chain is practically a flexible 
gear. It cannot slip. Tension is on the 
pulling side of the chain only; hence journal 
friction is much less than with belt drives. 

No power is lost by reason of bearing friction; 
98.2% of the energy of the motor is trans- 
mitted to your shaft or machine to perform 
useful work. The drive is not affected by at- 
mospheric conditions, operating equally well 
in hot, cold or damp places; it permits econo- 
my of space because you are able to arrange 



Link-Bslt Silent Chain Drive opHftdna (riodina p 
Stindud Refrsctorin Co., Clayibnn, Pa. 



for shaft centers to suit the convenient loca- 
tion of your driving unit. You do not need 
the long centers required for flat belt, or the 
fixed short centers required for gears. It com- 
bines in one drive the best points of leather 
belts and cut gears, minus their disadvantages. 
Enclosed in our oil-retaining dust-proof casing, 
the drive is protected from dust, insures safety 
to workers, and requires practically no atten- 
tion. You can learn all about it by writing 
for 128-page Price-List-Data^Book No. 125. 
It contains information for every man who is 
interested in the economical transmission of 
power. Also send for Book No. 310, illus- 
trating clay plant drives. 
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Seggar Room 



Sliphouse 



Glass Agitator 



As Equipped by 

The Mueller Machine Co., Inc. 

Manufacturers of Modern Clay and Tile Machinery 

Trenton, N. J. 
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Everything in Wire Screens 



Magnifiad . Sac- 
lion of Filter 
Cloth 



Testing Sieves, U. S. Standard 
Chemists' Sieves 
Cement Sieves 
Foundry Riddles 



Wire Cloth, All Grades 
Fine and Extra Fine 
Filter Qoths (Metallic) 
Centrifugal Cloths 
Bolting Cloths 

Brass Copper Bronze Phosphor Bronze 

Nickel Steel Monel Metal Silver 

Gold Platinum 

NEWARK 
Metallic FUter Cloth 

We are the originators of this grade of metallic filter cloth. 
We invite close inspection of our several grades of this ma- 
terial for filtration work and centrifugal linings. 
Note the character and even texture of the weave; strength 
and durability are imparted to the fabric. It has a douole 
surface, is extra strong, and is readily cleaned. 
One section shows the exact size of mesh, while the other 
section shows the cloth magnified — ^note the spiral overlap 
in the weave. "NEWARK" Metallic Filter Cloth is for 
use in all makes of filter presses in place of cotton, duck, 
wool, jute or other filtering mediums — and will stand strong 
solutions which shorten life of others. 
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PRICE LIST. TESTING SIEVES 
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Newark Wire Cloth Company 

Newark, N. J. 



U. S. A. 
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HURRICANE" DRYERS 



AUTOMATIC STOVE ROOM (oi 



(Incsd from 50 to 75 per coot. Cost 
o( handling ia greatly laduced, and the 
life of the mould* it lengthened con- 
riderably. The floor space required i> 
amall compared to the work turned 



EVERY clay products manufacturer who is using "HURRI- 
CANE" Dryers vriil attest to their ability to give long, uninter- 
rupted Service, producing first-class ware, quickly and at low cost 

"HURRICANE" Service consists of a lyBtematic survey of the 
conditions characterisdc of your plant, scientific design and con- 
struction of equipment best adapted to those conditions, actual 
supervision of erection of the machinery in your plant, which in- 
cludes putting it into operation to meet the desired results in 
production and quality of ware. 

Our Service does not end after the installation. We are always 
prepared to co-operate with you regarding any problem that may 
come up, ^^ether in connection wiUi the Dryers already installed, 
or any new drying proposition. 

"HURRICANE" SERVICE means SATISFACTORY SERVICE 

Write for Details. State Material and Quantity. 



AUTOMATIC MANGLE. 
Dipped ware can be dried in 
from 20 to 30 minute*. Finger 
marking and •earring i* elim- 
inated. The ware, aftsi being 
dipped, i* placed on the con- 
veyor tray*, and i* deliTCied dry 
at the other end of the machine. 

vrithout further handling. Steam TUNNEL TRUCK DRYER for High 

and power coneumption is ra«- Toniion Electric Insulators. This wore 

terially lowered. i* being dried in 48 hours, with abso- 

lute uniformity. It previously took 
from 1 days to two weeks. This 
machine can be depended on to turn 
out the ware in fine condition, pre- 
cisely on schednla. 



CONTINUOUS CONVEYOR 
DRYER, illustrated on the left, 
is used for Spark Plugs, Cores, 
Electrical Porcelain, Clay Rolls, 
Filteted Leaf Clay Cakes, etc. 
This machine, as do all the 
other types, features positively 
controlled humidity and tempera- 
ture conditions, which success- 
fully dries all kinds of ware, 
with no cracking o 
irrespective of the i 



STILLAGE TUNNEL DRYER, 

shown here on the right, is used 
for Dry Press Ware. Makes de- 
cided reductions in labor cost. 
The ware is not rehandled from 
the time it is pressed until it is 
94, 149. 216. 218. 219, 220. 221. ,„dy ^ fc. g,^. Automatic 
225. 226. 229. 230. 255, 354. 424. e„„trol of temperature 
494, 618. 



s also refer t 



mbered 



nidity assures quick, safe dry- 



The Philadelphia Drying Machinery Company 
33S1 Stokley Street Philadelphia, Pa. 
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FOR ALL CLAY PRODUCTS 



I 



Condilionint Machine Tunntl-Truak Humidity Drytt for Electrical Fotoetain, At 



ssa, 



for Innutatan in Moulda Chi 



Huirridity Dryer for Elect 
mmioal Stoneware. Tile, . 
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FRANK H. ROBINSON 

PITTSBURGH, PA. 

Dryer Cars and Clay Working Equipment 



DRYER CARS 

Standaid and tpecutl types of siiigle, double and triple deck 
can, and rack cara with plain or flexible roller bearings. 



KILN BANDS 



! giving satisfactory service in many 




Correct design and high quality worl 
running and satisfactory service. 



rkmanship make for easy 



Made in a variety of di 

RADIATED HEAT DRYER 



ROTA VIBRA SCREEN 



A vibrating 
equinwd with 



cloth screen, mechanically operated, 
ziliary rotating screen, or scalper, to take out 



e tailings. Positive in action and k 

ELEVATOR TAKE-UP 



Built with Radiating Plates in floor of tunnel, insure* rapid 
and economical diying. No machinery of any kind required to 
operate. Radiating Plates furnished for old dryers. 

CLAY FEEDER 



This take up is used in built up bin of brick or concrete. 
Outside beariitgs provide accessibility, inside dust plates insure 
^otection. Weight keep* belt tight at all times. Furnished 
with any diameter or face of pulley desired. 



Substantially built, insuring freedom from constant repair. 
Incraases capacity, improves quality, reduce* strain on 
machinery. Built in three sixes. 



The Other UniU of 

THE ROBINSON LINE 

Transfer cars — including a new design with Hyatt roin.. 
bearings in fleuble housing. Repress and Dry Press Dies, Bar- 
rows. Steel Rails and Portable Track. Wood Body Clay Cars, 
Crushers, Wire Rope. General SupiJies and Repairs. 



Lakswood V Body Dump Car* — the standard dump car for 
^^y plants. Built at Cleveland by The Lakewood Fntinnfring 



CoBfip, 



Sturdy, easy to handle, dumps clean. 
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The Schaffer Engineering & Equipment Co. 

2828 Smallman Street, Pittsburgh, Pa. 



THE POIDOMETER 

The Poidometer is a precision machine, designed 
and built to feed clay, and other materials — ^by 
weight — ^in a steady, uniform, constant stream. 
WiUi the Liquidometer attachment, which feeds 
water In proportion to clay, the Poidometer becomes 
an automatic pugger. It eliminates the man with 
the hose. But of greater importance, it produces 
a uniformly tempered colimm, the like of which it 
is humanly impossible to duplicate. 

Construction 

The Poidometer is self contained. Mounted on a 
substantial steel frame, all bearings are of highest 
quality and the weighing apparatus is of the 
best construction, being equip 

Eroof ball bearings, and all pr 
nife edges in connection wi 
are case hardened and also 
their enclosures. The hcqjper 
and is so arranged that tht 1 
under it, pulls the material fr 
instead of the hopper spill- 
ing the material onto the 
belt. The regulating gate 
on the hopper has double 
knuckle joints and is con- 
nected with the walking 
beam by case hardened 
pivot pomts mounted, and 
case hardened knife edges. 
Hopper gate operates abso- 
lutely free— no friction. The 
roller under the center of 
the belt (which primarily 

functions by supporting the belt with its load in 
causing a compqisating mechanical reaction against 
the scale beam) is ball bearing. 

Installation 

The locatimi for the Poidometer is between the 
clay bin and the pugmill. Ordinarily, the opening 
in the bin is enclceed with the Poidometer lw>pi>er, 
in which revolves a shaft with blades, constantly 
agitating the material. The clay flows through the 
regulating gate and over the belt to the pugmill. 
The water is discharged into the pi^mill simulta- 
neously with the clay. 

Operation 

The starting of the Poidometer automatically 
starts delii^ry of the clay and water to the pupnill. 
Should the clay bin run empty, the Poidometer and 
the^ discharge of water automatically cease. When 
thejinissing material is supplied, automatically the 
Poidometer starts, and delivery of the clay and water 



is resumed. The same is true of the water supply. 
If it Mis, the Poidometer automatically stops until 
it is supplied again. 

The Poidometer scale beam is calibrated in 

pounds, equivalent to the weight per running foot 

of belt. The tons desired per hour are reduced to 

pounds per running foot of belt, to which the weight 

on the scale beam is then set. Unless each foot of 

belt contains the weight called for on Uie scale beam, 

the Poidometer will automatically refuse to operate. 

Nor can it be crowded — it will automatically refuse 

to take more than the weight called for on the scale 

beam. The capacity can be increased or decreased 

by shifting the scale beam weight. This can be 

locked in place, if desired. 

The Productometer gives 

a reading at any time of the 

weight that has passed over 

the belt. 

Batch Weigher 
Attachment 
This attachment permits 
the use of the Poidometer 
in batch operations and 
also permits of bulk loading 
or the delivery or a prede- 
termined specified weight 
of material. 

Acctiracy 

The accuracy of the 
Poidometer is almost unbe- 
lievable. Exhaustive tests 
covering a wide variety of 
installations have indicated an accuracy of practi- 
cally 100%. 

Indispensable for Coniipounding 
or Blending 

Where two or mcffe materials are to be cran- 
pounded, Poidometers produce a perfect mixture. 
Specked brick are being most successfully manu- 
factured where Poidometers blend the manganese 
and clay. 

Sizes and Capacities 

Poidometers are manufactured in three sizes, with 
a range in capacities from the fraction of a pound 
to five tons per minute. The belt lei^hs are m two 
standard sizes. 

We maintain a complete staff of experienced 
engineers for the purpose of studying your condi- 
tions. Without obligation to you. they are at your 
service. 



Write for Our Catalog and 
Descriptive Literature 
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CRUSHERS 

SINGLE ROLL TYPE— For the 
primary reduction of clay, shale, 
phosphates lime, rock, coal, etc. 

An exceptionally well designed and 
well built unit of high efficiency. 

I THEY CRUSH 



DRY PANS 

HEAVY — husky — slow speed — low 
maintenance cost — reduction 
units for pulverizing days, shale, etc. 

Furnished in standard design or 
built special to suit specific needs. 

THEY REDUCE 



WET PANS 

FURNISHED in Standard or Duplex 
type. For tempering or grinding 
and tempering clays and shale. Provid- 
ing the most efficient method of 
mechanically pugging raw materials 
under pressure. 

THEY TEMPER 



THE LINE OF HIGHEST EFFICIENCY 



The Stevenson Company 



General Office and Works 
WELLSVILLE, OHIO 



Bulletiru on request 



W«st«m SalM A Enir. Offica 

Monadnock Buildinr 

CHICAGO, ILLS. 
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THREE INCH TO FORTY-TWO INCH INCLUSIVE 

Manufacturing Specialists 

in 

Sewer Pipe and Drain Tile 

Equipment 



The Stevenson Company 

literal Office and Works Mon.d»ock Buildin, 

WELLSVILLE, OHIO Bulletiiu on request CHICAGO, ILLS. 
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J. C. STEELE & SONS, StatesviUe, No. Carolina 



PRODUCTS: 

SIda Cuttan 
Brick Maehiiuia 
Dnmp Cua 



Hollow Wara Ha 
PoE MUla 
Dry Pana, Etc 



City, MiMouri 
ij^on, Ohio 

brick raachlns. In piinctpl*, it la a caotliinoaaly Ta*i>Ivln| nal. 
drlvan direct from uta meaaurlAS puUay hy Irregiilar goara. mada 
tn auch ahapa aa to cauae th* wTraa to cut tha eoluam oi clar off 
aqoan. Dua to tha aufliary or friction bait furalahad with tha 
machlna, th« aoftaat and tacdaraat dara can b« cut without awalllns 
- '^ aakins tha column. Naw wlrea ara vary aaaUy atlnchad arfiaai 



old onaa bacoma * 



THE STEELE EVEN FEEDER 

Thla la ■ alfitpla. atrong machlna. nma 



AUTOMATIC SIDE CUTTER 



'aiy alowljt, and with of high quality material 



r.o'/. 



r 11.000 brick par hour 



aasr, inaura long lUa. 



Tha ahafta ara driven by haavy apur gaara. ruimlng in oil aiMl 
eoeloaed. Fnmiahed with friction clutch puUay, which can ba fittad 
to alther end. It haa four shafta of 3-lD. ateal, ovar which ara 
fitted chiliad aptral knlvaa. Thi* glvea width auScleat to pravaat 
clay from brldflns aver. 

No. « BRICK MACHINE. (We BoOd Six Sues) 

Capacity BOMO to 150,000 briclc par day. 



Haa only two t< 





































No .walling. 















PUG MILL. (FourSiiet) 

Capacity ISOO to 16M0 brick par hoar. 



. _ four baarlnga— a laductlon of three 

--^._.-. jcara and one aluft aa compared with moat ma> 

^hinea of large alza. BearlriBa and gaara very large, thua redudiig 
itraina and upkeep coat. 

Caara are cut, pinion ■teel. Houiad and run in oil bath. Cut 
ihowB taper front end cut. Sidscut la atralght barrel 



Tba No. tA Pug MIU. IZ-ft. barrel, JO-ls. diameter, 6-fa 
abaft, adjuatable ateal kaivea. 

The No. 4A Pug MUL lO-ft barrel, Jl-bu c 
ahaft, adjuatable ateel knlvaa. 

The No. }A Png Mill. B-ft barrel 21-ln. d 

The No. Z Pug MilL 7-ft barrel. tS-ln. dia 



Machine can be taken apart wlthc 
equallv well in either direction. 
with heavy chamiel for aide etraii 
practical machine. 

AUTOMATIC END CUTTER 

Cut* OD edge, making one perfect feci 



slevating aoy part; will niD 
are of heavy "I" baua*. 
A thorougbty efficient and 



DRAGLINE EXCAVATOR 

Thla machine la adapted for digging clav and loadtng into cara 
In the pit. Eapecially adapted to wet day bolea where water badia 
up, for obvloua reaeon that both machine and cara may be alYrnya 



i level. Thla maehliM la 
■ not a new and vntrlad 



only one man t 



n ba attached to any a 



Extremely aubitantial and reliable. Excav«taa ap 
of from 60 to 7S feet vride at each aetting, and in •< 
moved vbout. Malcea clay dieting aaay. 
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THWING INSTRUMENT COMPANY 



3363 Lancaster Avenue 



PHILADELPHIA, PA. 



IP 

i 
i 
i 



Most clay ware enters the kiln in good condition, but it doea not all come out 

equally good. 

A good recording Pyrometer will help a lot to improve the quality. 

The first Thwing Pyrometer was built for a brick plant seventeen yean ago and 

it was a success. 

We are still specializing in this field and giving good service. 

A customer recently reported that he had burned a kiln of 100,000 brick which 

came out all salable brick. 

In almost every case the Pyrometer effects a saving in fuel by shortening the 

burning period. A saving of twenty to twenty-five per cent, is often reported. 

A strong feature of the Thwing System is the multiple recorder. A single recorder 

makes a clear ink record of four kilns at one time. 

Another Thwing specialty is the Extra Heavy, High Duty, base metal Thermo- 
couple, which effects large savings in first cost and upkeep. We, of course, sup- 
ply platinum couples in the few cases where temperatures go too high for base 
metal. 

Dr. Thwing will gladly give the benefit of his long experience in the clay line to 
anyone in doubt as to what Pyrometer Equipment is most suitable. 
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Toronto S«ww Pipa Praw 



THE TORONTO 
MACHINE 

TORONTO, 



Toronto Type E Wet Pan i» made in two sizes, 
6 ft. and 9 ft. It is so designed that it may be 
used as a single unit or where two pans are 
needed as a double or duplex uniL When 
d 9 ft. Wat Put used in duplex installation the pans are placed 

so as to discharge into the same elevator. By 
this arrangement only one man is required to 
operate both machines. With each machine 
we furnish a pan plow or emptying device 
which wilt completely empty the pan in less 
than one minute*s time. Write for Bulletin 
W-l. 



The Toronto Press: The nngle piston rod construc- 
tion with four'leg cylinder support, open front and 
back with liberal distance between Steam and Clay 
Cylinder are original with this press and make it most 
accessible and practical. 

The space available in our presses permits us to install 
a Clay Hopper of larger capacity than in other tjrpes. 
This, together with improved Piston Valve, Auto- 
matic Cut-Off, large Steam Lines and the operation 
of Former and Brake by a single lever, have made 
our Presses the most rapid and efficient. They are 
built in three sizes; namely, 40-in., 44-in., 46-in. di- 
ameter cylinders having I &-in., 20-in., or 22-in. 
diameter clay cylinders and 5 4 -in. actual working 
stroke. Write for Bulletin P-1. 



We Manufactun 

CLAY PLA^^ 

Sewer Kpe Ditt, Drain Ijle Dies, H 
Conveyort, Clay Angers, and [M 



Pan: 
hose 
niB- 
> the 
M a 
rting 
pan 
this 
both 
t-2. 



Tjp* "B" 9 and 10 h. Dry P«n 



the 
two 



any 
Pug- 
^4ain 
> re- 
built 
>tive 



InTincible Sewer Pqra Truck 



Toronto Puc Mill 
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Mechanical Rubber Goods 

for the 

Brick and Clay Industry 



""PHE salesmen and practical factory men of 
the United States Rubber Company are 
ready to assist brick and clay plant operators 
by advising as to the best application of 
mechanical rubber goods in order that the 
greatest possible service may be obtained for 
every dollar invested. 

Take advantage of this Company's facilities 
and experience when in the market for 
mechanical rubber goods. 

Through our nearest Branch you can obtain 
the fullest co-operation of our organization. 



United States Rubber Company 

BRANCHES IN EVERY tNDUSTRIAL CENTER 
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THE WEBSTER MFG. COMPANY 

Elevatiiig, ConTcying and Power Transmittiiig Machinery 
45004560 CORTLAND STREET, CHICAGO 



Elerating and CooTcying Machinery for haadling all 
kind* of material, ineluJioB coal and ash handling equip- 
ment, power tranimitting machinery, malleahle iron and 
■teel chain, coal emehata. etc. 

ELEVATORS: 

Bucket Elevators of all types for bulk material, Con- 
tinuoui and Centrifugal discharge elevators with either 
steel or malleable iron buckela. V bucket combination 
elevator-conveyor (or coal handling. Equipment made 
up in numerous ways, to meet the requirement* of in- 
dividual installation*. 



■ Bnckat Elevator 



Perklu Pivoted BuckM Cantor 



POWER TRANSMITTING MACHINERY: 

A complete line at ahafting equipment for the most 
economical transrotstion of power by mechanical means: 
Friction Clntche*. Gear*, Pulleys, Sprockets, Bearing*, 
etc. 

CHAIN BELTING: 

All types and *ize> of chain for all puipoae* carefully 
made, thoroughly inspected, and rigidly tested in the 
jnoit modem and best equipped of chain factories. 



Chain BdtlBg 

COAL CRUSHERS: 



EUveter Bucket* 



Cantrifueal 
Dlscherca Elsvatsr 



CONVEYORS: 

Everything in the conveyor line: Belt. Screw, Flight. 
Apron. Slat, V Bucket. Pivoted Bucket Carner. A type of 
conveyor far every (ituation and for handling every sort 
of material. Eapecially Perkins Pivoted Bucket CarHer, 
the recognized standard of modern method* for handling 
coal in, and a*hes out of the power plant, also for uses 
including the handling of hot clinkers in cement manu- 
facturing. 




SlB(le Roll Cruahw 
In single and double roll types in 
range of capacities to suit. 
lump coal to any required size. 

ENGINEERING SERVICE: 

We maintain a staff of engineers who have had year* 
of successful experience in designing equipment for the 
handling of clay, cement, sand, gravel, coal, stone, etc. 

Al*o in the DeBnition Section Refer to: 

20. 44. 77, 98. 138, 140. 149. 150, 151. 152, 153, 

■" ■ ■ ■ 317. 494. 
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WELLER 

CONVEYING and POWER TRANSMITTING 
MACHINERY 



Will handle the materials inside or out- 
side of the plant in the most economical 
manner. It will not only speed up the 
work but will save man power* thereby 
enabling you to increase production and 
meet competition. 



Bait Connrar* 
Well«r Machinory la built and dcaipwd from 
knawladKB •ccumulated by long axperianca. 
We hava atudied the needa of the clay worker 
and offer you aerrice and equipment which 
will do the work at the leait expenae. 

WE DESIGN AND MAKE— 







Screen* 


Belt Conveyor* 




Steel Chain 


Dras Conveyora 


Coal Cruahera 


Combination Chain 






Sprocket*, Gear* 


Spiral Conveyora 


Steal Storage BIna 




Bucket Elavatora 


Bin Gate* 


Pulley* 


Elevator BuckeU 


Car Puller* 






Power Shovel* 





WELLER 

MACHINERY 
is an investment 
that will pay big 
dividends by in- 
creasins the out- 
put and reducing 
the operating 
costs. 



Coal and A>h Handling Equi|wn«nt 



RotuT and Shaldnt 



TELL US THEEQUIPMENT YOU ARE INTERESTED IN— CATALOGUE WILL BE SENT 



WELLER MANUFACTURING CO. 



1820-1856 N. Kostner Avenue 

SALES OFFICES: 
New York Boston Baltimore Cleveland PitUbur^h Detroit San Frar 



CHICAGO, ILL. 

Salt Lake Ctty 



Thau 


••oft 


haaq 


Lilpm. 


,.w. 




■cturi 




uoda 
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nun. 
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» 


31 


38 


41 


44 


45 


4f 


47 


4« 


49 


M 


77 


M 
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M 
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M 


100 








iia 


13* 


140 


Mft 


ISO 


ISI 


ISZ 






ISS 










172 










224 


242 




MS 


3M 






335 


3«9 


43S 




500 




530 




532 


ssa 


SS3 


SM 


sss 


5» 


• 17 


aia 





Wallar rnada Staal Chain. 
Combination Staal and Mallaabia Chain. 
Mallaabla Chain— Chain Drini, SpraekaU. 
Sand tor Chain Catalofua. 
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Geo. D. Wkitcomb Company 



Rochelle', Illinois. U. S. A. 



We manufacture Locomotives in various types, 
including Gasoline, Storage Battery and Trol' 
ley, in sizes of from 2^ tons to 23 tons. We 
make a specialty of Locomotives designed 
and equipped for quarries and brickyards. 

The WhitcomlD Six-Ton 
Positive Gear Locomotive 

Thii darign locomotive has, b«cBuie of iti efficiency and 
practicability, become witKin the past two year*, tbe laat 
word in induatrial locomotives. No paina have been apaTed 
to maLe tbia locomotiTe tbe bait of it* lize on the markel. 



A atarting motor, genera tor, and itoraga battery < 
applied at a alight additional coat. 



Clutch 






Made entirely in 
of very latest dea 
of saw steel and a1 
Saw steel plates are driven by lugi 



[ceaaive capa^ty and 



filled with cork inserts, 
on the flywheel, which 



Engine 



The power plant of tbe Whitcomb Six-Ton U a type "EiJ" 
Waukesha Motor. Cylinder size— 5x6 14 in. All parta oiled 
by a forced feed ayslem, operating under a thirty.pound 
pressure. The cylinders are of the removable head design, 
bored and ground. Cooling system handled by a centrifugal 



houae* the entire mecbaniam. Tl 
ried on and drive a splined qiider which is a part of the 
entire clutch. Pressure of disca is maintained by a keavy 
coil spring which act* directly against a thrust plate. Outch 
is supplied with an improved q>inning brake which work* 
automatically a* *oon as the clutch is released. Clutch rutts 
in oil, thus insuring long life. 



1 ransmission 

Selective gear type. Three speeds in each direotion. All 
parts are interchangeable. 



pump of rugged design and is so arranged that tbe entire 
syatem may be drained from one point. Valve* are of 
special alloy, split washer, taper tjrpe, with fiat case har- 
d«ned end. 



u 



nition 



Dixie Ml 
i impulse 



Standard Equipment includes the 
equipped with an adjustable couplin 
coupling and impulse atarter. This o 
of cranking, the impulse atarter turning the magneto arma- 
ture shaft forward when the engine is passing center and 
producing a hot spark equivalent to the full running motor. 



Radiator 



Artillery type. Shell i* of cast iroTt, to which ate bolted 
the cooling core* or sections. This type radiator permit* 
repairing by replacing with new sections or applying blind 
gaikets in place of damaged aection*. tbe only tool being 
needed i* a monkey wrench. The radiator is sufficient for 
the most adverse conditions. 



Axles and Wkeels 

Axle* are made of forged steel carefully machined, and car- 
ried on heavy duty ball bearings. The wheels are rolled 
steel. Cast centers ivitb steel tire can be furnished at 
additional cost. 



Ask for our latest catalog, 
plete details. 



It contains com- 
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WILSON-MAEULEN CO. 

St. Maty'* Street and Concord Avenue 

NEW YORK 
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Brick and Clay Record 

407 SOUTH DEARBORN STREET, CHICAGO, ILLINOIS 

Member of the Associated Business Papers and Audit Bureau of Circulations 

The Leading Clay Journal of the World 



OUR PAST RECORD 
For thirty yean BRICK & CLAY RECORD ha* vrarkad 
without pauic for the best intereit* of the clay products 
induitry. alwayi giviiiB untJivided lupport to every tanely 
progietiive movement launched (or iti benefit. 




Each iMue hai m> (ubitantjally proven il> ability to 
■erve that it ha* long lioce acquired the distinction of 
beins the one recognized authority in it* field — THE 
LEADING CLAY JOURNAL OF THE WORLD. 

NOW — after thirty yean of leadership, it* editorial ac- 
tivity and in flu once extend into every ramification of 
these great industries, and it. circulation— WON BY ITS 
ABILITY TO SERVE— covers 90 per cent, of the entire 
number of clay plants in the United States with a con- 
siderable Canadian and foreign circulation — in addition. 

A Yoar'a Subacrtplion to Brick & Clay Rword Coat* 
«3.00. 

The following excerpts are taken from a few of hundreds 
of similar letters received; 

"1 have been reading BRICK & CLAY RECORD for 12 
years. One article about ten years ago SAVED ME 
$3,000. Another, a few year, later, SAVED THE 

COMPANY AT LEAST THAT MUCH MORE. Both of 

these articles were from Superintendents of brick yards." 
D. B. Faison. Mgr.. The Faison Brick Co., Rocky Mount, 
N. C. 
"WE ALWAYS GET VALUABLE INFORMATION FROM 

BRICK & CLAY RECORD. We coniult every issue and 
get information that is of value to u*, which IS NOT 
PUBUSHED ELSEWHERE on all clay product., etc."— 
Rome Biick and Tile Co., Rome, Ga. 

"BRICK & CLAY RECORD IS AS NECESSARY TO 
EVERY BRICK MAN AS THE MACHINERY HE IS 

RUNNING." Muskogee (Okla.) Vitrified Brick Co. 

"We enclo*e herewith check for $3 to apply on our sub- 
•cription. COULD NOT RUN BUSINESS WITHOUT 
BRICK & CLAY RECORD. We not only enjoy it, but 



r. as they 
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WE FIND IT ONE OF OUR BEST INVESTMENTS."— 

Standard Clay ProducU Co., O*kaloo»a, Iowa. 

"We certainly feel like COMPLIMENTING YOU on your 

BRICK & CLAY RECORD. The last three i*>ue* have 

contained articles WORTH TEN TIMES THE PRICE a 

the subscription to the average clay worker 

touched on subjects that most of u* have to 

sooner or later." — W. J. Longston, Mgr.. The Granger 

Clay Products Co., Granger. Wash. 

Published every other Tue*da]t, twenty-six times a year, 
the page, of BRICK & CLAY RECORD regularly con- 
tain the follovring important features — 

Busine*. Briefs and Trend, which are guide post* in 
economic conditions. 

Question and Answer Department, which answer* 
many specific problems in your plant. 

Superintendent's Page, which explains short cut* in 
manufacturing clay product*. 

Technical Article*, which give you infonnatioD on 
the practical application of theory to the 
operations of your plant. 

Fine Ceramic Pages, which explain the best pro- 
cedure in pottery plant*. 

The Wake of the News Column, which is a resume 
of what your competitor* and other* are doing. 

Articles on Labor Situation, which show present 
conditions and future trend. 

Treatises on Legislation, which inform you regardittg 
railroad rate* and other knotty subject*. 

Merchandising Talks, which assist you to enlarge 
the market for your product. 

Cost Accounting and Cost Reducing Discussions, 
which must be digested and followed if you 
wish to ke«3 your plant out of the large an- 
nual discard. 

Editorials, which act a* a guide to lead you thru 
the winding and troublesome paths of present- 
day industry. 

Convention and Association Reports, which en- 
lighten you on the assistance given you by 
these organizations. 

The Building Situation, which i* an epitome of 
construction activities in various centers thru- 
out the country. 

AS AN ADVERTISING MEDIUM 

Servia b Reaien Balldt ConfiJata — CanfiJtna Cnala PreiUgt — 
PrtiOle Makfa a Sacca^ Aittrllilnf M^lam. 
Here is an almost unparalleled condition among trade 
and business periodicals. BRICK & CLAY RECORD has 
a sworn statement from the Audit Bureau of Circulations 
which shows a circulation that covers practically 90 
per cent, of the potential number of subuiribera in the 
field. BRICK & CLAY RECORD is also a member of 
the Associated Business Papers, Inc. 

Of equal importance to you i. the PROVEN FACT that 
the CONFIDENCE of our .ubscriben in the editorial 
integrity of BRICK U CLAY RECORD is ABSOLUTELY 
CRYSTALLIZED IN THEIR UNQUALIFIED SUPPORT 
OF ITS ADVERTISERS. 

We will welcome your fullest investigation, and if re- 
quested, will gladly outline a regular campaign for you. 
Frankly, can you afford NOT to be represented in a 
medium so obviously productive> 
Our Subscription RenewaJ* Equal moro than 89 per cent. 
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